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THE  PROPHYLACTIC   AND   THERAPEUTIC   PROPERTIES 
OF  THE  ANTITOXIN  FOR  BACILLUS  WELCHIL 

By  CARROLL  G.  BULL,  M.D. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research) 

(Received  for  publication,  June  1,  1917.) 

In  a  recent  article1  experiments  were  given  which  seemed  to  estab- 
lish the  following  points:  (1)  under  certain  defined  conditions,  a  bac- 
teria-free toxic  substance  can  be  obtained  from  cultures  of  Bacillus 
welchii;  (2)  this  substance  possesses  the  physical  properties  of  an  exo- 
toxin and,  on  animal  inoculation,  is  capable  of  producing  all  the  essen- 
tial lesions  and  effects  of  infection  with  the  bacilli ;  (3)  animals  which 
have  received  a  number  of  graded  doses  of  the  toxin  yield  an  immune 
serum  which  neutralizes  in  vitro  all  the  pathologic  effects  of  the  toxin 
and  exhibits  power  to  prevent  and  control  infections  with  both  the 
spore  and  vegetative  forms  of  the  bacilli.  These  experimental  re- 
sults appeared  to  justify  the  conclusion  that  Bacillus  welchii  should 
be  classed  with  Bacillus  diphtheria  and  Bacillus  tetani  as  a  toxin-pro- 
ducing organism  and  that  infections  with  the  organism  might  be  suc- 
cessfully combated  by  means  of  a  specific  immune  serum.  The 
present  paper  deals  with  more  extensive  and  systematic  experiments 
on  the  preventive  and  curative  powers  of  the  antitoxin. 

Prophylaxis  against  Intoxication. 

A  series  of  guinea  pigs  ranging  in  weight  from  500  to  800  gm.  was 
given  a  prophylactic  dose  of  antitoxic  serum.  Each  animal  received 
0.25  cc.  of  the  antitoxin2  for  each  100  gm.  of  weight,  and  the  suscepti- 
bility of  the  prophylactic  series  to  intravenous  injections  of  the  toxin 

1  Bull,  C.  G.,  and  Pritchett,  I.  W.,  J.  Exp.  Med.,  1917,  xxvi,  119. 

2  This  antitoxin  has  now  been  prepared  in  the  horse.  The  method  employed 
for  producing  it  will  be  the  subject  of  a  later  paper,  as  well  as  the  question  of 
standardization.  At  present  dosage  is  given  in  numbers  of  cubic  centimeters  of 
the  serum  employed. 
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was  compared  with  that  of  normal  guinea  pigs  at  different  intervals 
after  the  immune  scrum  had  been  given.  The  following  protocols 
give  the  results: 

Experiment  1.  2  Days  after  the  Prophylactic  Dose  of  Antitoxin.— Guinea  Pig  1, 
weighl  510  gm.,  had  received  1.5  cc.  of  the  antitoxin  subcutaneously.  10  cc.  of 
toxin  were  injected  into  the  jugular  vein.  No  symptoms  had  developed  6  hours 
after  the  injection,  but  the  guinea  pig  was  found  dead  20  hours  after  receiving  the 
toxin.     The  autopsy  showed  lesions  characteristic  of  B.  welchii  toxin.3 

Guinea  Pig  2.  weight  660  gm.,  had  received  1.6  cc.  of  antitoxin  subcutaneously. 
,f  toxin  were  injected  into  the  jugular  vein.  The  guinea  pig  developed  no 
symptoms  and  was  discarded  in  perfect  condition  3  weeks  later. 

Guinea  Tig  3,  weight  560  gm.,  normal  control.  0.3  cc.  of  toxin  was  injected 
into  the  jugular  vein.  This  guinea  pig  was  found  dead  16  hours  later.  Charac- 
teristic lesions  were  found  at  autopsy. 

Experiment  2.  5  Days  after  the  Prophylactic  Dose  of  Antitoxin. — Guinea  Pig  4. 
weight  660  gm.,  had  received  1.6  cc.  of  antitoxin  subcutaneously.  4  cc.  of  toxin 
were  injected  into  the  jugular  vein.  This  animal  developed  symptoms  of  intoxi- 
cation 2  hours  after  the  injection  and  died  at  the  expiration  of  4  hours.  The 
autopsy  findings  were  characteristic. 

Guinea  Pig  5.  weight  510  gm.,  had  received  1.5  cc.  of  antitoxin  subcutaneously. 
2  cc.  of  toxin  were  given  intravenously.  No  immediate  or  delayed  symptoms 
arose,  and  the  guinea  pig  was  in  perfect  health  3  weeks  later. 

Guinea  Pig  6,  weight  770  gm.,  normal  control.  0.25  cc.  of  toxin  was  injected 
into  the  jugular  vein.  The  guinea  pig  was  found  dead  16  hours  later.  The 
autopsy  findings  were  typical. 

Experiment  J.  7  Days  after  the  Prophylactic  Dose  of  Antitoxin. — Guinea  Pig  7. 
weight  670  gm.,  had  received  1.7  cc.  of  antitoxin  subcutaneously.  2  cc.  of  toxin 
were  given  intravenously.  No  symptoms  developed,  and  the  guinea  pig  was 
normal  3  weeks  later. 

Guinea  Pig  8,  weight  600  gm.,  normal  control.  1  cc.  of  toxin  was  injected 
into  the  jugular  vein.  The  guinea  pig  died  3^  hours  later,  and  characteristic 
lesions  were  present . 

Experiment  4.     9  Days  after  the  Prophylactic  Dose  of  Antitoxin.— Guinea  Pig 

ight  650  gm.,  had  received  1.6  cc.  of  antitoxin  subcutaneously.     2  cc.  of 

toxin  were  given  intravenously.     No  symptoms  had  appeared  6  hours  later,  but 

the  guinea  pig  was  found  dead  24  hours  after  the  toxin  was  given.     The  autopsy 

findings  were  eharact eristic  of  B.  welchii  intoxication. 

Guinea  Pig  10,  weight  650  gm.,  had  received  1.6  cc.  of  antitoxin  subcutaneously. 
1 .5  i  e.  ot  toxin  were  injected  into  the  jugular  vein.  No  symptoms  of  intoxication 
arose,  and  the  guinea  pig  remained  normal. 


3  Differences  in  the  manner  of  actionof  B.  welchii  toxin  when  administered  by 
intravenous  and  subcutaneous  routes  are  described  in  the  paper  already  referred  to.1 


CARROLL   G.    BULL  3 

Guinea  Pig  11,  weight  700  gm.,  normal  control.  0.7  cc.  of  toxin  was  given  in- 
travenously.    Death  occurred  4  hours  later,  and  the  lesions  were  typical. 

Experiment  5.  12  Days  after  the  Prophylactic  Dose  of  Antitoxin. — Guinea  Pig 
12,  weight  640  gm.,  had  received  1.6  cc.  of  antitoxin  subcutaneously.  0.7  cc.  of 
toxin  was  injected  into  the  jugular  vein.  No  symptoms  had  arisen  8  hours  later. 
The  guinea  pig  was  found  dead  22  hours  after  the  toxin  was  given,  and  the  autopsy 
findings  were   typical. 

Guinea  Pig  13,  weight  660  gm.,  had  received  1.7  cc.  of  antitoxin  subcutaneously. 
0.5  cc.  of  toxin  was  injected  into  the  jugular  vein.  The  guinea  pig  remained 
normal. 

Guinea  Pig  14,  weight  600  gm.,  normal  control.  0.28  cc.  of  toxin  was  given 
intravenously.  This  guinea  pig  was  found  dead  20  hours  later.  The  autopsy 
findings  were  typical. 

Experiment  6.  14  Days  after  the  Prophylactic  Dose  of  Antitoxin. — Guinea  Pig 
15,  weight  570  gm.,  had  received  1.5  cc.  of  antitoxin  subcutaneously.  0.25  cc. 
of  toxin  was  injected  into  the  jugular  vein.  Death  occurred  20  hours  later. 
Characteristic  toxin  lesions  were  found  at  autopsy. 

Guinea  Pig  16,  weight  580  gm.,  had  received  1.5  cc.  of  antitoxin  subcutaneously. 
0.25  cc.  of  toxin  was  given  intravenously.  No  symptoms  developed,  and  the 
guinea  pig  was  in  perfect  health  3  weeks  later. 

Guinea  Pig  17,  weight  600  gm.,  normal  control.  0.27  cc.  of  toxin  was  injected 
into  the  jugular  vein.  The  animal  was  found  dead  20  hours  after  the  toxin  was 
given,  and  typical  lesions  were  present. 

The  foregoing  experiments  show  that  a  passive  immunity  to  Bacil- 
lus welchii  toxin  can  be  conferred  on  guinea  pigs  by  the  administra- 
tion of  the  antitoxin.  In  these  instances  the  immunity  persisted  for 
about  2  weeks.  The  protection  from  the  toxin  was  at  first  very  pro- 
nounced, thirty- two  acutely  lethal  doses  being  harmless  when  injected 
directly  into  the  blood  stream  (Experiment  1,  Guinea  Pig  2)  2  days 
after  the  antitoxin  was  given.  5  days  after  the  prophylactic  admin- 
istration of  the  antitoxin,  eight  lethal  doses  were  still  harmless  (Ex- 
periment 2,  Guinea  Pig  5),  but  sixteen  lethal  doses  killed.  The  im- 
munity to  the  toxin  gradually  decreased  and  was  about  exhausted 
at  the  end  of  2  weeks.  At  this  time  some  of  the  prophylactic  animals 
were  still  somewhat  more  resistant  to  the  toxin  than  normal  animals, 
while  others  manifested  no  increased  resistance  (Experiment  6,  Guinea 
Pigs  15,  16,  and  17). 

The  fact  that  animals  can  be  passively  immunized  to  the  toxin  may 
in  itself  be  of  considerable  practical  significance;  but  when  it  is  re- 
membered that  the  toxin  is  a  powerful  aggressin,  preparing  the  field 
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for  bacterial  multiplication,  its  high  significance  becomes  at  once 
apparent.  The  next  series  of  experiments  further  emphasizes  the 
importance  of  the  part  played  by  the  toxin  in  infection  by  the  bacilli 
and  shows  conclusively  that  large  numbers  of  highly  virulent  bacilli 
are  practically  harmless  when  deprived  of  their  toxin. 

Prophylaxis  against  Infection. 

A  series  of  guinea  pigs,  ranging  in  weight  from  250  to  350  gm.,  was 
given  subcutaneously  on  the  inner  aspect  of  one  hind  leg  1  cc.  of 
antitoxin  per  100  gm.  of  weight.  The  resistance  of  the  prophylactic 
series  to  infection  with  fresh  cultures  of  the  virulent  bacilli  was  com- 
pared with  that  of  normal  guinea  pigs  of  the  same  size.  The  pro- 
tected guinea  pigs  were  infected  subcutaneously  in  the  leg  opposite 
to  the  one  in  which  they  had  received  the  antitoxin.  The  quantity 
of  culture  given  the  individual  animals  was  calculated  on  the  basis 
of  body  weight,  a  certain  fraction  of  a  cubic  centimeter  being  given 
for  each  100  gm.  of  weight.  The  following  protocols  illustrate  the 
results: 

Experiment  7.  24  Hours  after  the  Prophylactic  Dose  of  Antitoxin. — Guinea  Pig 
18,  weight  280  gm.,  had  received  2.8  cc.  of  antitoxin.  0.28  cc.  of  culture  was  given 
subcutaneously.  7  hours  later  the  infected  leg  was  moderately  swollen  and  stiff ; 
no  local  crepitation  and  no  symptoms  of  general  intoxication.  24  hours  after  the 
inoculation  the  local  swelling  had  almost  disappeared,  and  the  guinea  pig  wras  ap- 
parently well. 

Guinea  Pig  19,  weight  280  gm.,  had  received  2.8  cc.  of  antitoxin  and  was  given 
0.5  cc.  of  culture.  7  hours  later  the  infected  leg  was  swollen  and  stiff;  crepitation 
could  not  be  elicited,  and  there  was  no  general  intoxication.  The  next  day  the 
swelling  and  stiffness  were  subsiding,  the  guinea  pig  was  active,  and  no  extension 
of  the  infection  arose. 

Guinea  Pig  20,  weight  250  gm.,  had  received  2.5  cc.  of  antitoxin  and  was  given 
0.9  cc.  of  culture.  The  results  were  identical  with  those  of  the  two  preceding 
animals. 

Guinea  Pig  21,  weight  310  gm.,  normal  control.  0.006  cc.  of  culture  was  given 
subcutaneously.  This  guinea  pig  was  found  dead  22  hours  after  it  was  inoculated. 
Autopsy  revealed  edema,  gas,  and  disorganization  of  tissue,  lesions  typical  of 
B.  wekhii  infection. 

In  Experiment  7  it  is  shown  that  50,  83,  and  150  lethal  doses  of 
culture  respectively  failed  to  infect  the  guinea  pigs  which  had  re- 


CARROLL  G.    BULL  0 

ceived  a  protective  injection  of  antitoxin  24  hours  previously.  As 
150  lethal  doses  was  the  largest  quantity  of  culture  given  the  height 
of  the  resistance  to  infection  was  not  accurately  determined. 

Experiment  8.  3  Days  after  the  Prophylactic  Dose  of  Antitoxin. — Guinea  Pig  22, 
weight  250  gm.,  had  received  2.5  cc.  of  antitoxin  and  was  given  0.4  cc.  of  culture. 
No  symptoms  developed  aside  from  local  swelling  and  stiffness  which  rapidly 
subsided.     No  evidence  of  multiplication  of  the  bacilli. 

Guinea  Pig  23,  weight  310  gm.,  had  received  3.1  cc.  of  antitoxin.  0.6  cc.  of 
culture  was  injected  into  the  opposite  leg.  The  symptoms  and  results  were  the 
same  as  in  the  preceding  animal. 

Guinea  Pig  24,  weight  300  gm.,  normal  control.  0.004  cc.  of  culture  was  given 
subcutaneously.  The  animal  died  22  hours  later.  Lesions  of  B.  welchii  infec- 
tion were  present  at  autopsy. 

In  this  experiment  the  limit  of  the  resistance  to  infection  was  again 
not  reached,  although  one  of  the  guinea  pigs  also  received  150  lethal 
doses  of  the  culture. 

Experiment  9.  5  Days  after  the  Antitoxin. — Guinea  Pig  25,  weight  260  gm.,  had 
received  2.6  cc.  of  antitoxin.  1.5  cc.  of  culture  were  injected  into  the  opposite 
leg.  Infection  did  not  develop,  and  the  local  swelling  and  stiffness  which  always 
follow  these  inoculations  rapidly  subsided. 

Guinea  Pig  26,  weight  280  gm.,  had  received  2.8  cc.  of  antitoxin.  2  cc.  of  cul- 
ture were  given.  Infection  developed,  and  the  guinea  pig  died  30  hours  after 
inoculation.     Lesions  typical  of  B.  welchii  infection  were  present  at  autopsy. 

Guinea  Pig  27,  weight  290  gm.,  normal  control.  0.005  cc.  of  culture  was  in- 
jected subcutaneously.  The  guinea  pig  was  found  dead  20  hours  later  and  showed 
typical  lesions. 

This  experiment  indicates  that  a  protected  guinea  pig  could  resist 
300  but  not  400  lethal  doses  of  the  culture  5  days  after  the  antitoxin 
had  been  given. 

Experiment  10.  8  Days  after  the  Antitoxin. — Guinea  Pig  28,  weight  260  gm.. 
had  received  2.6  cc.  of  antitoxin.  0.3  cc.  of  culture  was  given  subcutaneously. 
The  usual  local  swelling  and  stiffness  followed,  but  no  infection  arose. 

Guinea  Pig  29,  weight  280  gm.,  had  received  2.8  cc.  of  antitoxin  subcutaneously. 
0.5  cc.  of  culture  caused  a  fatal  infection,  with  characteristic  lesions. 

Guinea  Pig  30,  weight  275  gm.,  normal  control.  0.005  cc.  of  culture  was  given 
subcutaneouslv.  Infection  developed,  and  the  guinea  pig  died  23  hours  after 
inoculation. 


,,  ANTITOXIN  FOR   BACILLUS    WELCHII 

This  experiment  shows  that  60  lethal  doses  of  culture  failed  to  in- 
fect 8  days  after  the  antitoxin  had  been  administered.  The  resis- 
tance of  the-  protected  guinea  pigs  was  tested  again  on  the  11th  day, 
and  twenty  lethal  doses  were  not  infectious.  On  the  14th  and  15th 
days,  however,  the  antitoxin-treated  guinea  pigs  proved  susceptible 
to  infection,  but  whether  to  the  same  degree  as  the  normal  controls 
the  experiment  does  not  indicate.  We  may,  however,  assume  that 
the  antitoxin  becomes  greatly  reduced  in  quantity  from  the  12th  to 
13th  day  after  its  administration. 

Therapeutic  Property  of  the  Antitoxin. 

We  may  now  consider  the  effects  which  the  antitoxin  exerts 
upon  established  infection  with  Bacillus  welchii.  For  this  pur- 
I)ose  guinea  pigs  weighing  from  500  to  600  gm.  were  used, 
smaller  ones  being  so  susceptible  to  the  infection  that  there  is 
little  time  afforded  for  treatment.  The  amount  of  a  standard  cul- 
ture that  would  infect  and  kill  all  of  a  series  of  guinea  pigs  between 
30  and  48  hours  was  first  determined.  The  infecting  dose  was  cal- 
culated on  the  basis  of  body  weight,  and  it  was  found  that  about 
0.035  cc.  of  culture  per  100  gm.  of  weight  was  effective  within  the 
lime  limit  mentioned  in  all  the  animals  inoculated  ranging  in  weight 
from  500  to  600  gm.  The  procedure  was  to  infect  a  number  of  ani- 
mals at  one  time  with  the  same  culture  and  allow  24  hours  to  elapse 
before  beginning  treatment.  At  this  time  the  condition  of  the  ani- 
mals was  noted,  especially  the  extent  of  the  local  lesions  and  the 
symptoms  of  general  intoxication.  One  of  the  animals  was  etherized 
and  autopsied,  and  to  one  or  more  the  antitoxin  was  administered, 
while  the  others  were  left  as  untreated  controls.  Illustrative  proto- 
cols follow : 

Experiment  //.—Guinea  Pig  31,  weight  510  gm.  0.18  cc.  of  culture  was  in- 
jected into  the  muscles  on  the  inner  aspect  of  the  hind  leg.  24  hours  after  inocu- 
lat  ion.  a  gaseous  phlegmon  involving  the  infected  leg  and  the  adjacent  abdominal 
wall  had  developed,  crepitation  was  readily  elicited,  and  the  guinea  pig  exhibited 
symptoms  of  severe  intoxication— rough  coat,  rapid  respiration,  and  drowsiness. 
of  antitoxin  were  injected  into  the  jugular  vein.  The  next  day  the  local 
was  subsiding,  crepitation  could  not  be  elicited,  the  toxic  symptoms  had 
disappeared,  and  the  guinea  pig  ate  greedily.    3  cc.  of  antitoxin  were  given  sub- 
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cutaneously  to  prevent  a  recrudescence  of  the  infection.  The  general  condition 
improved  from  day  to  day,  while  the  infected  leg  became  gangrenous,  sloughed, 
and  was  infected  with  pyogenic  organisms.  Healing  finally  occurred,  but  the 
scar  tissue  caused  deformity  of  the  leg. 

Guinea  Pig  32,  weight  560  gm.  0.2  cc.  of  culture  was  injected  into  the  muscle 
on  the  inner  aspect  of  the  hind  leg.  24  hours  after  inoculation  there  were  swelling 
and  edema,  crepitation,  and  intoxication.  The  animal  was  not  treated,  and  it 
died  exactly  48  hours  after  inoculation.  Autopsy  revealed  the  characteristic 
lesions  of  B.  welchii  infection. 

Guinea  Pig  33,  weight  580  gm.  0.2  cc.  of  culture  was  injected  in  the  same  man- 
ner as  in  Guinea  Pigs  31  and  32.  24  hours  after  inoculation,  the  guinea  pig  was 
etherized  and  autopsied.  There  was  a  large  gaseous  phlegmon  involving  the  in- 
fected leg  and  adjacent  abdominal  wall.  The  muscles  of  this  region  were  pulpi- 
fied  and  laden  with  bacilli.  The  opposite  groin  contained  a  gelatinous,  serosan- 
guineous  exudate.  The  muscles  of  the  abdominal  wall  and  diaphragm  were  of 
pinkish  hue.     The  lungs  were  pink  and  edematous. 

Guinea  Pig  34,  weight  605  gm.,  was  inoculated  with  0.21  cc.  of  culture.  This 
animal  served  as  an  untreated  control  and  died  at  the  end  of  40  hours  of  typical 
B.  welchii  infection. 

Experiment  11  was  repeated  a  number  of  times,  and  it  was  found 
that  the  infection  could  be  regularly  arrested  by  the  antitoxin  after  it 
was  well  established  and  extensive  destruction  of  the  tissues  in  the 
region  of  the  infection  had  already  taken  place.  Symptoms  of  severe 
general  intoxication  were  always  present  at  this  stage  of  the  disease. 
The  effect  of  the  antitoxin  was  often  noticeable  within  from  30  minutes 
to  1  hour  after  its  administration.  The  treated  guinea  pigs  would 
become  more  active,  their  coats  smooth,  and  they  would  be  attracted 
by  food,  while  the  controls  remained  crouched  in  a  corner,  with  heads 
down  and  coats  rough,  and  could  not  be  induced  to  eat. 

DISCUSSION. 

The  experimental  results  here  reported  with  the  preventive  and 
therapeutic  applications  of  the  antitoxin  are  highly  suggestive.  They 
derive  significance  from  the  fact  that  Bacillus  welchii  infections  in 
guinea  pigs  and  other  susceptible  animals4  are  comparable  with  in- 

4  Protection  and  curative  experiments  have  been  carried  out  also  with  the  more 
highly  susceptible  pigeon.  They  confirm  the  results  with  guinea  pigs  with  cer- 
tain variations  due  to  the  difference  in  species. 
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fections  with  this  organism  in  man.  The  experimental  infections  in 
the  guinea  pig  differ,  however,  from  the  natural  infection  in  man  in 
two  important  points:  (1)  man  possesses  a  higher  natural  resistance 
to  infection;  (2)  the  guinea  pigs  were  infected  with  fresh  virulent  cul- 
tures, while  man  must,  in  the  great  majority  of  instances,  derive  in- 
lr,  tion  from  spores.  Moreover,  the  protected  guinea  pigs  were  given 
many  lethal  doses  of  the  living  cultures.  Such  massive  inoculations 
do  not  occur  in  man.  It  may  therefore  be  safely  predicted  that  man 
will  not  develop  the  infection  as  long  as  his  body  fluids  and  tissues  con- 
tain adequate  quantities  of  the  antitoxin. 

The  possibilities  of  this  passive  serum  protection  has  natural  limits 
of  time,  depending  upon  the  rapidity  of  elimination  of  the  foreign 
scrum.  The  experimental  data  presented  in  this  paper,  which  agree 
with  the  experience  with  antidiphtheritic  and  antitetanic  antitoxins, 
indicate  that,  in  all  probability,  a  passive  immunity  to  Bacillus  wel- 
cliii  infection  of  at  least  2  weeks'  duration  can  be  conferred  upon  man 
by  a  single  injection  of  the  antitoxin.  This  immunity  will  be  suf- 
ficient in  the  majority  of  instances,  since  only  sporadic  cases  of  Bacillus 
wcichii  infection  arise  later  than  the  10th  day  after  injury,  and  the 
greater  number  occurs  within  48  hours  of  that  time. 

In  the  light  of  the  results  obtained  in  treating  the  infection  in 
guinea  pigs,  it  is  reasonable  to  hope  that  the  antitoxin  will  be  of  value 
also  as  a  therapeutic  agent.  The  indications  are  that  early  infectious 
cases  can  be  readily  arrested  and  the  more  advanced  and  severe  ones 
ameliorated,  if  not  wholly  checked,  so  that  surgical  interference  may 
be  resorted  to  with  greater  probability  of  effectiveness. 

The  antitoxin  in  man  should  be  administered  intravenously  and 
probably  locally,  about  the  wound,  as  well. 

SUMMARY. 

1.  It  has  been  possible  to  confer  on  guinea  pigs  a  passive  immunity 
of  about  2  weeks'  duration  to  Bacillus  welchii  toxin  through  a  pro- 
tective administration  of  the  antitoxin. 

2.  Guinea  pigs  which  had  received  a  prophylactic  dose  of  Bacillus 
wdckii  antitoxin  exhibited  pronounced  resistance  to  infection  with  the 
virulent  bacilli  for  a  period  of  12  days. 
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3.  Established  infections  in  guinea  pigs  with  Bacillus  welchii  have 
been  arrested  and  controlled  by  treatment  with  the  antitoxin. 

4.  The  opinion  has  been  expressed  that  it  will  be  possible  to  pre- 
vent Bacillus  welchii  infection  in  man  through  the  prophylactic  use 
of  the  antitoxin  and  developed  cases  of  the  infection  may  be  con- 
trolled by  therapeutic  injections  of  the  same  agent. 


(Reprinted  from  The  Journal  of  the  American  Medical  Association,  October  6, 1917, 
Vol.  box,  No.  14,  pp.  1137-1140.] 


NOTES  ON  THE  STANDARDIZATION  AND  ADMINISTRA- 
TION OF  ANTIMENINGOCOCCIC  SERUM. 

By  HAROLD  L.  AMOSS,  M.D. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

Now  that  wide  and  repeated  experience  here  and  abroad  with  re- 
liable preparations  of  the  antimeningococcic  serum  in  the  treatment 
of  epidemic  meningitis  has  resulted  in  a  consensus  of  opinion  favorable 
to  its  value,  it  is  time  to  take  up  seriously  the  question  of  providing 
federal  standardization  in  order  that  the  public  may  be  protected 
from  poor  and  worthless  preparations. 

Unfortunately,  as  the  distressing  English  experience  of  1915,  later 
retrieved  when  supplies  of  potent  serum  became  available,  showed, 
the  commercial  producer  of  the  serum  cannot  be  left  to  determine  his 
own  method  of  manufacture  and  his  own  standard  of  potency. 

There  has  been  misconception  also  as  to  the  practicability  of  stand- 
ardization, which  needs  to  be  removed  by  a  statement  of  the  essential 
facts  of  the  case. 

Undoubtedly,  our  minds  have  been  clouded  and  our  action  im- 
peded by  the  notion,  which  is  only  slowly  giving  away,  that  the  only 
therapeutically  active  serums  are  those  which  are  antitoxic  in  the 
strict  sense,  while  the  other  class  of  antibacterial  serum  stands  on  an 
insecure  therapeutic  foundation.  In  the  face  of  the  convincing  data 
available  relative  to  the  effects  of  the  antimeningococcic  serum  and 
the  growing  favorable  testimony  to  the  value  of  the  antipneumococcic 
serum  Type  I,  this  prejudice  is  being  overcome. 

The  essential  obstacle  in  each  case — that  of  the  antimeningococcic 
and  antipneumococcic  serum — arises  from  the  circumstance  that 
neither  the  meningococcus  nor  the  pneumococcus  is  a  consistent  spe- 
cies, both  being  separable  into  more  or  less  distinct  type  groups.  As 
regards  the  pneumococcus,  the  practical  case  is  simple  and  the  whole 
matter  of  standardization  is  reducible  to  a  formula,  since  up  to  the 
present  the  serum  Type  I  alone  is  therapeutically  effective,  and  no 
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serum  should  be  accepted  as  up  to  the  standard  which  does  not  con- 
tain given  quantities  of  antibodies  for  Type  I  pneumococcus. 

While  the  case  is  not  quite  so  simple  for  the  meningococcus,  it  is 
by  no  means  so  complex  as  to  defy  ready  solution.  In  one  respect, 
the  therapeutic  possibilities  of  the  antimeningococcic  serum  are  far 
wider  than  serums  for  pneumococcus,  since  it  can  be  made  effective 
against  all  the  meningococci  causing  epidemic  meningitis. 

Fortunately  for  our  purpose,  80  per  cent  or  more  of  all  the  cases 
of  epidemic  meningitis  are  caused  by  two  type  strains  or  groups  of 
the  meningococcus,  regular  or  normal  and  parameningococcus,  and 
nearly  the  remaining  20  per  cent  by  two  more  strains  not  quite  so 
definitely  marked  off  biologically  as  the  former  or  intermediate  men- 
ingococcus A  and  B.1  Hence,  a  potent  serum  may  be  prepared  with, 
say,  the  four  type  cultures,  which,  if  of  sufficient  titer,  may  be  ac- 
cepted as  standard. 

Any  one  familiar  with  the  recent  invaluable  English  experience 
which  has  been  collected  into  a  pamphlet  issued  by  the  British  Medi- 
cal Research  Committee,2  will  know  that,  by  pursuing  a  course  simi- 
lar to  the  one  just  outlined,  they  have  insured  supplies  of  an  efficient 
preparation  of  the  antimeningococcic  serum,  whereas  formerly,  with- 
out this  control,  they  were  grievously  disappointed  in  the  action  of 
the  available  product. 

This  procedure  will,  as  stated,  yield  a  valuable  and  reliable  prepa- 
ration. In  following  it,  there  is  nothing  to  prevent  a  more  conscien- 
tious or  ambitious  manufacturer  improving  further  his  particular 
brand  of  serum  by  adding  to  the  selected  type  cultures  examples  of 
the  variants  from  the  types  which  are  occasionally  encountered.  This 
practice  should  indeed  be  encouraged;  but  it  should  not  permit  any 
clouding  of  the  essential  issue,  which  is  to  produce  a  highly  potent 
serum  for  the  standard  cultures  of  meningococcus. 

1.  A  comparative  study  might  readily  reveal  that  the  four  type  groups  here 
given  correspond  with  the  so-called  Types  I,  II.  Ill  and  IV  of  the  English 
classification. 

2.  Bacteriological  Studies  in  the  Pathology  and  Preventive  Control  of  Cerebro- 
spinal Fever  Among  the  Forces  During  1915  and  1916,  Special  Report  Series, 
No.  3,  National  Health  Insurance,  Medical  Research  Committee,  London, 
1917. 
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It  is  my  intention  to  define  what  would  be  a  readily  realizable  and 
adequate  standard  of  potency.  But  before  doing  this,  I  wish  to  de- 
scribe a  series  of  tests  which  were  carried  out  very  recently  with 
commercial  samples  of  the  antimeningococcic  serum  and,  coincidently, 
with  three  other  samples  prepared  by  departments  of  health  and 
the  Rockefeller  Institute. 

Tests  of  Commercial  Serums. 

Several  immunity  reactions  have  been  employed  in  testing  the 
value  of  therapeutic  serums.  When  applied  to  the  antimeningococ- 
cic serum,  they  arrange  themselves  in  the  following  order  of  specificity : 
(1)  agglutination  at  55  C;  (2)  opsonization;  (3)  complement  fixation; 
(4)  anti-infectious  power,  and  (5)  antitoxic  power.  Gradually,  ag- 
glutination of  the  type  cultures  of  the  meningococcus  is  displacing 
other  and  less  indicative  methods  of  standardization.  Accurate  clin- 
ical experience  also  is  confirming  this  decision.  We  have  made  a 
series  of  observations,  which  extend  now  over  two  years,  on  the  rela- 
tion of  agglutination  to  the  therapeutic  efficiency  of  the  serum.  Thus, 
we  have  tested  the  meningococci  isolated  from  the  cerebrospinal  fluid 
against  several  so-called  polyvalent  samples  of  the  serum;  and  we 
have  noted  that  when  the  sample  of  serum  failed  to  influence  the 
course  of  the  disease,  agglutinating  power  was  either  absent  or  very 
low.  Moreover,  we  have  also  noted  that  the  replacement  of  the 
impotent  preparation  of  serum  with  one  carrying  agglutinins  for  the 
culture  in  question  would,  as  a  rule,  control  the  infection.  A  serum 
of  proper  standard  should  agglutinate  the  four  type  cultures  mentioned 
in  dilutions  of  from  1 :  400  to  1 :  1,000.  The  still  more  efficient  serum 
may  show  agglutination  for  all  the  variants  in  dilution  of  from  1 :  200 
to  1 :  500. 

Five  samples  of  antimeningococcic  serum  produced  by  the  larger 
producers  of  biologic  products  were  purchased  in  the  open  market. 
The  dates  for  return  on  all  the  samples  were  1918.  Presumably, 
therefore,  they  were  recent  products.  To  them  were  added  three  other 
samples:  two  had  been  obtained  not  long  before  from  departments 
of  health,  and  the  third  was  a  recent  sample  of  the  Rockefeller  Insti- 
tute preparation.  They  were  examined  for  physical  properties  and 
for  agglutination  against  four  type  cultures.     The  results  are  given 
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in  the  accompanying  table.  The  dilutions  of  the  serum  were  set  up 
by  letters  so  that  the  worker  carrying  out  the  agglutination  tests 
was  not  aware  of  the  origin  of  the  several  samples. 

Moreover,  the  physical  properties  of  certain  samples  were  such  as 
to  make  their  employment  by  intraspinal  injection,  to  say  the  least, 
dangerous.     To  explain  this  point,  the  accompanying  illustration  was 

made. 
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*  The  agglutinations  were  conducted  at  55  C.  over  night  by  the  macroscopic 
method. 

Summary  of  the  Results  of  the  Test. 

Serum  A  (commercial)  is  slightly  active  against  normal  or  regular  culture  No.  10 
and  sufficiently  active  against  the  parameningococcus  culture  No.  60.  In  othei 
words,  it  is  not  sufficiently  representative  of  the  different  type  cultures  to  be  suit- 
able for  therapeutic  purposes.  Moreover,  the  sample,  while  transparent,  con 
tains  hemoglobin  in  excess  and  in  an  amount  giving  a  red  color  to  the  serum. 
Severe  reactions  would  follow  its  administration. 
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Serum  B  (board  of  health).  The  agglutinins  are  somewhat  developed  for  the 
regular  or  normal  meningococcus  Nos.  1  and  7,  well  developed  for  the  two  irregular 
cultures  Nos.  10  and  30,  and  for  the  parameningococcus.  It  is  a  useful  product, 
but  could  be  improved  by  the  employment  for  immunization  of  larger  quantities 
of  the  regular  meningococcus  cultures. 

Serum  C  (commercial).  Agglutinins  are  present  in  doubtful  or  small  amounts 
for  the  regular  meningococcus  Nos.  1  and  7,  and  in  somewhat  larger  quantity  for 
the  irregular  culture  No.  10  and  the  parameningococcus.     This  serum,  which  ful- 
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fils  the  requirements  in  physical  condition,  is  of  uniformly  low  titer  and  improp- 
erly balanced  in  type  agglutinins.    Its  therapeutic  efficiency  is  dubious. 

Serum  D  (commercial).  The  physical  properties  of  this  sample  (as  shown  in 
the  illustration)  condemn  it  wholly.  It  consists  of  a  dark,  opaque,  rather  heavy 
liquid,  which  did  not  clarify  on  centrifugalization  for  twenty  minutes  at  3,500 
speed.  The  preparation  would  undoubtedly  give  rise  to  severe,  possibly  to  dan- 
gerous reaction.  And  yet  the  product  is  marketed  in  dark  amber  glass  so  that 
the  physician  would  not  detect  the  color  and  suspect  the  danger.  In  order  to  be 
fair,  it  should  be  stated  that  another  sample  obtained  directly  from  the  New  York 
office  of  the  firm  was  straw  colored  and  clear;  but  there  is  no  excuse  for  putting 
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out  the  former  preparation.  Had  the  container  been  clear  glass,  the  sample 
would  have  been  rejected;  hence  until  clear  white  glass  is  used,  it  is  advisable  to 
pour  <»ut  or  inject  about  1  ex.  of  the  serum  into  a  test  tube  or  other  receptacle 
before  administering  it.  Moreover,  the  agglutinins  are  present  in  low  quantity 
•I  for  irregular  type  culture  No.  10.  Aside  from  the  physical  properties  of 
the  one  specimen,  the  preparation  is  unsatisfactory  for  therapeutic  purposes. 

mi  E  (commercial).  Agglutinins  are  present  in  adequate  quantity  for  ir- 
regular  culture  No.  10  and  for  the  parameningococcus  culture.  The  quantity 
present  for  the  regular  meningococcus  is  minimal.  The  preparation  is  unsatis- 
factory  for  therapeutic  purposes. 

Serum  F  (commercial)  represents  the  regular  meningococcus  and  parameningo- 
coccus  and  the  two  irregular  type  cultures,  but  is  improperly  balanced.  Taken 
.is  a  whole,  its  agglutination  titer  is  too  long. 

Scrum  (i  (Rockefeller  Institute)  represents  adequately  all  the  type  cultures. 
A  balanced  serum  which  should  fulfil  therapeutic  expectations. 

Scrum  H  (board  of  health)  is  a  satisfactory  product  that  should  be  therapeutic- 
ally active. 

COMMENT. 

A  critical  examination  of  the  results  of  the  tests  exhibited  in  the 
table  brings  out  points  both  interesting  and  practically  of  high 
importance. 

The  first  thing  that  impresses  one  is  the  striking  inferiority  of  the 
commercial  as  compared  with  the  noncommercial  products.  There 
would  appear  to  be  very  little  excuse  for  this  discrepancy.  It  is  par- 
ticularly true  of  the  antimeningococcic  serum  that  it  is  unsafe  to  re- 
duce its  preparation  to  mere  routine.  Second  bleedings  without 
further  injections  of  cultures  should  not  be  made,  and  in  no  instance 
should  the  horses  be  bled  for  serum  until  a  test  bleeding  has  shown 
that  agglutinins  are  present  in  adequate  amount  for  the  principal 
type  cultures.  The  practice  of  mixing  samples  of  serums  of  high 
and  low  titer  to  increase  the  volume  collectable  should  never  be 
practiced. 

There  is  nothing  involved  in  the  preparation  of  a  satisfactory  serum 
that  cannot  be  mastered  in  a  properly  organized  commercial  labora- 
tory. But  knowledge  of  the  subject,  conscientiousness  and  vigilance 
arc  demanded  to  obtain  a  product  that  will  fulfil  reasonable  standard 
conditions  and  be  therapeutically  effective.  It  is  to  be  trusted  that 
merely  by  pointing  out  present  deficiencies,  rectification  will  be  made; 
and  it  may  also  be  hoped  that  the  constituted  federal  authorities  will 
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establish  and  enforce  a  standard  which   is    readily  attainable  and 
secure. 

There  is  one  point  of  technical  interest  in  the  table.  Comparison 
of  the  agglutinability  of  regular  or  normal  cultures  Xos.  1  and  3 
shows  that  one  is  more  readily  agglutinable  than  the  other.  This  is  a 
familiar  phenomenon  and  one  recognized  in  respect  to  many  bacterial 
species.  Its  practical  import  in  this  connection  is  to  the  effect  that 
in  controlling  the  agglutination  titer,  reliance  is  not  to  be  placed 
merely  on  a  highly  agglutinable  culture. 


Specimens  of  antimeningococcic  serums  illustrating  variations  in  the  physical 
condition  of  commercial  products. 


There  is  no  difficulty  involved  in  this  procedure,  since  it  will  prac- 
tically never  happen,  and  indeed  it  should  not  be  permitted  to  con- 
duct the  immunization  with  a  single  regular  or  a  single  parameningo- 
coccus culture.  Several  of  each,  together  with  the  representatives 
of  the  intermediate  types,  should  properly  be  employed  for  injection. 

It  will  be  sufficient  and  a  great  gain  to  have  progressed  so  far.  As 
already  indicated,  a  still  more  perfect  serum  product  can  be  turned 
out  by  paying  constant  attention  to  the  rarer  variants  and  introduc- 
ing them  into  the  scheme  of  immunization,  controlling  their  effects 
also  by  agglutination  tests.  But  this  refinement  is  one  not  t<>  be 
introduced  into  the  plan  of  standardization. 
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Standardization. 

The  nexl  question  relates  to  a  practical  standard  for  the  serum- 
II  should  !n<  hide  two  requirements.  The  first  should  define  the  physi- 
cal  qualities  of  the  product  which  are  acceptable.  This  definition 
should  include  absence  of  more  than  a  trace  of  hemoglobin,  color  of 
straw  yellow  to  amber,  perfect  clearness,  or  if  slighty  turbid,  clearing 
on  standing  for  twelve  hours.  As  regards  the  preservative,  tricresol 
is  to  be  preferred,  and  the  strength  should  not  exceed  0.35  per  cent 
and  may  safely  be  reduced  to  0.2  per  cent,  provided  due  care  is  exer- 
!  in  collecting  and  bottling  the  serum. 

Next,  the  employment  of  dark  glass  containers  should  be  prohibited. 
The  container,  whether  bottle  or  syringe,  should  be  of  clear  white 
glass,  and  the  labels  arranged  so  as  to  permit  of  inspection  of  the 
contents  from  without.  The  containers  should  be  wrapped  in  blue 
paper  or  otherwise  enclosed  so  as  to  exclude  the  actinic  rays  of  light. 

Finally,  the  agglutination  titer  for  each  of  the  four  type  cultures 
should  be  from  1 :  401)  to  1 :  1,000,  as  determined  by  the  macroscopic 
method  after  incubation  at  55  C.  for  sixteen  hours  (over  night). 

There  should  perhaps  be  added  one  more  comment.  With  the 
assembling  of  large  numbers  of  recruits,  it  is  quite  probable  that  epi- 
demic meningitis  may  become  more  widely  and  numerously  prevalent 
in  this  country.  In  the  interests,  therefore,  of  the  military  and  civil 
populations,  the  supplies  of  the  antimeningococcic  serum  now  so 
generally  employed  in  treatment  should  be  vigorously  controlled. 

Administration. 

As  the  resull  of  a  somewhat  extensive  experience  with  the  clinical 
administration  of  the  serum,  I  wish  to  direct  attention  to  a  few  points 
of  value.  Whether  or  not  the  serum  is  to  be  effective  depends  in  the 
fust  instance  on  its  content  in  immunity  bodies;  but  it  depends  also 
on  the  dosage,  early  administration  and  the  frequency  of  repetition. 
The  question  of  dosage  has  been  considered  in  Dr.  Flexner's3  recent 
paper  and  need  not  be  discussed  here.     It  remains  to  be  said  that 

5  Flexner,  S.:  Mode  of  Infection,  Means  of  Prevention,  and  Specific  Treat- 
ment of  Epidemic  Meningitis,  The  Journal  A.  M.  A..  Aug.  25,  1917,  p.  639; 
Sept.  1,  1917,  p.  721;  Sept.  8,  1917,  p.  817. 
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while  the  temperature  remains  high  and  meningococci  are  still  present 
in  the  cerebrospinal  fluid,  injections  every  twelve  hours,  except  in 
very  young  babies,  should  be  resorted  to  unless  clinical  indications 
to  the  contrary  exist.  The  next  interval  between  injections  should 
be  twenty-four  hours,  then  forty-eight  hours.  Subsidence  of  high 
temperature,  clearing  of  cerebrospinal  fluid  with  disappearance  of  the 
meningococcus,  and  general  improvement  in  the  condition  of  the 
patient,  are  the  indexes  for  moderating  the  energy  of  the  treatment. 

The  position  of  the  patient  is  of  moment.  In  order  to  distribute 
the  serum  over  the  surface  of  the  brain  and  into  the  lateral  ventricles 
after  the  intraspinal  injection,  the  foot  of  the  bed  should  be  raised 
from  8  to  12  inches  and  kept  so  for  six  hours  if  possible.  Sometimes 
the  headache  resulting  from  this  position  may  make  it  expedient  to 
return  the  bed  to  the  normal  position.  At  the  end  of  six  hours,  the 
foot  of  the  bed  is  lowered  to  its  original  position,  and  the  other  end 
raised  until  the  time  for  the  next  lumbar  puncture.  During  this  time, 
the  turbid  fluid  or  pus  is  collected  in  the  lowrer  part  of  the  spinal  canal 
to  be  drawn  off  at  the  next  puncture. 

In  addition  to  treating  all  cases  by  intraspinal  injection  of  the  serum, 
it  is  advisable  to  administer  one  or  more  doses  intravenously  in  ful- 
minant or  very  severe  cases,  or  cases  in  which  there  are  numerous  skin 
hemorrhages.  The  quantity  thus  injected  should  be  from  50  to  100 
c.c,  depending  on  the  age  of  the  patient  and  the  severity  of  the  infec- 
tion. The  usual  precautions  for  guarding  against  anaphylactic  reac- 
tion should  of  course  be  taken.  Intravenous  injection  has  been 
employed  also  to  supplement  the  intraspinal  ones  in  cases  of  less 
severity  coming  late  under  the  serum  treatment.  Whether  this  is  a 
real  advantage  cannot  be  stated  positively;  in  some  instances,  it  ap- 
peared to  be  beneficial.  Obviously  the  chances  of  recrudescence  and 
of  blocking  off  of  the  ventricles  will  be  lessened. 

Ventricular  puncture  and  injection  of  serum  into  both  lateral  ven- 
tricles should  not  be  delayed  when  symptoms  of  cranial  involvement 
remain  after  the  spinal  fluid  is  almost  normal. 


[Reprinted  from  The  Journal  of  Experimental  Medicine,  November  1, 1917,  Vol.  xxvi, 

No.  5,  pp.  745-754.] 
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Plates  55  and  56. 

(Received  for  publication,  September  20,  1917.) 

The  solution  of  the  problem  of  the  mode  of  infection  in  poliomyelitis 
has  been  attempted  in  various  ways,  with  results  which  have  led  to 
the  conclusion  that  the  microbic  cause  is  conveyed  from  one  indi- 
vidual to  another  by  personal  contact.  This  belief  is  based  upon 
clinical  observation  and  experiment.  Wickman  first  brought  clini- 
cal proof,  since  supported  by  many  independent  observations,  of  the 
correctness  of  this  generalization;  and  Flexner  and  Lewis,  and  later 
Kling  and  Pettersson,  provided  the  experimental  demonstration  of 
its  adequacy. 

However,  a  considerable  number  of  physicians  and  others  still 
refuse  to  accept  this  explanation.  They  hold  that  the  mode  of  in- 
fection remains  undiscovered,  or  they  account  for  it  through  some 
variety  of  insect  transmission,  also  undetected.  In  recognition  of 
the  skepticism  still  prevailing,  we  have  been  led  to  describe  in  detail 
the  experimental  demonstrations  of  the  carriage  by  healthy  persons 
of  the  virus  of  poliomyelitis,  to  which  may  now  be  added  our  own 
successful  inoculations.  Our  results  include  the  demonstration,  re- 
corded for  the  first  time,  that  a  proved  carrier  of  the  virus  may  come 
down  with  acute  poliomyelitis.  This  observation  should  serve  to 
strengthen  the  position  of  those  who  accept  as  established  the  personal 
communication  of  the  microbic  cause,  or  virus,  of  the  disease. 

*  Maintained  by  a  special  fund  privately  donated. 
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Previous  Reports. 

Wi.kman's1  clinical  studies  may  be  said  to  have  disseminated  the  view  of  the 
personal  factor  in  the  communication  of  the  virus  of  poliomyelitis.  He  empha- 
sized  the  occurrence  and  epidemiological  importance  of  the  non-paralytic  or 
abortive  cases,  the  first  description  of  which  is  usually  credited  to  him,  and  of 
healthy  intermediaries,  or  bacillary  carriers,  who  function  as  purveyors  of  the 
microbic  agent.  His  study  constituted  a  great  step  forward;  but  the  first  person 
to  allude  to  non-paralytic  cases  of  epidemic  poliomyelitis  is  Caverly,2  who  records 
the  occurrence  of  6  cases  among  the  total  of  132  cases  on  which  he  based  his  report 
describing  the  Rutland  epidemic  of  1894. 

Soon  after  Landsteiner  and  Popper's3  experimental  transmission  of  poliomyelitis, 
Flexner  and  Lewis4  detected  the  virus  in  the  nasopharyngeal  mucous  membrane 
of  infected  monkeys.  This  observation,  soon  confirmed  by  several  independent 
bacteriologist's,  was  followed  by  a  study  made  by  Kling,  Pettersson,  and  Wern- 
stedt5  who  injected  into  monkeys  buccal  washings  from  so  called  abortive  cases 
and  from  healthy  contacts.  Their  results  were  inconclusive,  as  the  clinical  con- 
dition produced  was  not  typical  of  poliomyelitis,  and  the  pathological  changes 
described  as  present  in  the  spinal  cord  were  not  characteristic  of  the  disease. 
They  explained  the  discrepancy  by  the  supposition  that  the  virus  present  in  the 
abortive  cases  and  healthy  carriers  was  relatively  avirulent.  This  view  is  re- 
peated in  their  recent  report6  in  which  they  describe  an  instance  of  healthy  carriage 
of  the  highly  active  virus  inducing  paralysis  and  characteristic  lesions.  The  first 
demonstration  of  the  typical  virus  in  the  nasopharyngeal  washings  of  healthy 
persons  was,  however,  made  by  Flexner,  Clark,  and  Fraser,7  whose  report 
follows  in  detail. 

E.  A.,  female,  age  4  years  and  4  months.  The  patient  had  been  ill  from  Oct. 
12  to  17,  1912.  On  the  latter  date  she  was  admitted  to  the  Hospital  of  The 
Rockefeller  Institute  for  Medical  Research,  suffering  from  severe  paralytic  polio- 

1  Wickman,  I.,  Beitrage  zur  Kenntnis  der  Heine-Medinschen  Krankheit,  Ber- 
lin, 1907. 

-  In  view  of  the  importance  which  the  non-paralytic  cases  have  assumed  in  the 
epidemiology  of  poliomyelitis  it  is  pertinent  to  quote  Caverly,  who  states  that 
paralysis  occurred  in  119  cases,  7  cases  died  before  paralysis  was  detected,,  "and 
the  remaining  6  had  no  paralysis,  but  all  had  a  group  of  symptoms  very  common 
in  the  initial  stage  in  those  which  were  paralyzed,  such  as  headache,  fever,  con- 
vulsions, or  nausea,  one  or  all"  (J.  Am.  Med.  Assn.,  1896,  xxvi,  1). 

3  Landsteiner,  K.,  and  Popper,  E.,  Z.  Immunitdtsforsch.,  Orig.,  1909,  ii,  377. 

1  Flexner,  S.,  and  Lewis,  P.  A.,  /.  Am.  Med.  Assn.,  1910,  liv,  1140. 

B  Kling,  C,  Pettersson,  A.,  and  Wernstedt,  W.,  Communications  Inst.  med. 
Etai  a  Stockholm,  1912,  iii,  5. 

6  Kling,  C,  and  Pettersson,  A.,  Deutsch.  med.  Woch.,  1914,  xl,  320. 

7  Flexner,  S.,  Clark,  P.  F.,  and  Fraser,  F.  R.,  J.  Am.  Med.  Assn.,  1913,  lx.  201. 
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myelitis.  She  subsequently  improved  and  was  discharged.  Oct.  28.  The 
mother  and  father  of  the  child  were  subjected  to  a  nasopharyngeal  irrigation  with 
normal  saline  solution;  about  150  cc.  of  washings  were  obtained.  The  fluid  was 
shaken  and  passed  through  a  Berkefeld  filter;  of  the  filtrate,  1.5  cc.  were  injected 
the  same  day  into  the  sheath  of  each  sciatic  nerve  and  140  cc.  into  the  peritoneal 
cavity  of  a  Macacus  cynoinolgus  (Monkey  A).  Recovery  from  the  anesthesia 
was  prompt  and  the  animal  remained  well  until  Nov.  11,  when  it  was  noted  to  be 
excited  and  to  drag  the  right  leg;  the  left  leg  was  weak.  Nov.  12.  Right  leg 
flaccfd.  A  lumbar  puncture  yielded  2.5  cc.  of  fluid  containing  excess  of  white 
corpuscles.  Nov.  13.  The  condition  was  unchanged;  the  animal  was  etherized. 
The  organs  generally  were  normal  in  appearance;  the  spinal  cord  was  edematous. 
Microscopic  examination  of  sections  of  the  spinal  cord,  medulla,  and  interstitial 
ganglia  revealed  the  characteristic  lesions  of  poliomyelitis.  The  blood  vessels 
and  ground  substance  showed  infiltrations  with  mononuclear  cells;  the  motor 
nerve  cells  were  degenerated  and  invaded  by  phagocytes. 

Dec.  3.  An  emulsion  of  the  glycerolated  spinal  cord  and  medulla  was  injected 
into  each  sciatic  nerve  and  the  peritoneal  cavity  of  a  Macacus  cynomolgus  (Mon- 
key B)  and  a  Macacus  rhesus  (Monkey  C).  Dec.  9.  The  rhesus  monkey  was 
noted  to  be  excited.  Dec.  10.  Lumbar  puncture  yielded  3  cc.  of  turbid  fluid 
containing  excess  of  white  cells.  By  Dec.  13,  the  legs  were  partially  paralyzed; 
the  animal  was  etherized.  Microscopic  sections  of  the  spinal  cord,  medulla,  and 
intervertebral  ganglia  showed  typical  infiltrative  and  degenerative  lesions  of 
poliomyelitis.  The  cynomolgus  monkey  became  excited  on  Dec.  10,  and  on  the 
19th  paralysis  of  the  legs  appeared.  By  Dec.  2 1  the  arms  and  back  were  weak,  and 
the  paralysis  was  extending.  Dec.  23.  The  animal  was  etherized.  The  general 
viscera  appeared  normal,  but  the  spinal  cord  was  both  edematous  and  congested. 
The  microscopic  sections  of  the  cord,  medulla,  and  intervertebral  ganglia  showed 
typical  infiltrative  and  degenerative  lesions  attended  by  neurophagocytosis. 
Subsequently  the  glycerolated  specimens  of  the  nervous  organs  of  Monkeys  B 
and  C  were  used  for  inoculating  still  other  monkeys,  in  which  typical  paralysis 
was  induced. 

The  conclusion  drawn  by  the  authors  from  this  demonstrative  experiment  was 
to  the  effect  that  the  parents  of  E.  A.,  neither  of  whom  showed  any  symptoms  of 
illness  and  who  evidently  were  not  suffering  from  poliomyelitis,  harbored  the 
virus  of  the  disease  in  the  nasopharynx.  Hence  the  existence  of  the  healthy 
carrier  was  thus  established  experimentally. 

The  next  demonstrative  experiment  was  supplied  by  Kling  and  Pettersson6  who, 
in  referring  to  their  earlier  failure  to  produce  clinically  and  anatomically  typical 
poliomyelitis  with  nasopharyngeal  washings,  attribute  the  failure  to  the  injection 
of  insufficient  amounts  of  virus  into  the  monkeys.  They  repeated  the  tests,  using 
washings  concentrated  in  vacuo  with  the  Faust-Heim  apparatus. 

They  started  out  by  determining  the  heat  lability  of  the  active  virus,  and  as- 
certained that  a  liter  of  fluid  carrying  an  effective  dose  could  be  evaporated  at 
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temperatures  ranging  from  35  to  38°C.  to  200  cc.  without  losing  its  potency. 
They  now  obtained  nasopharyngeal  washings  in  amounts  of  1  to  2  liters  from 
healthy  persons  in  contact  with  cases  of  acute  poliomyelitis.  In  one  instance  in 
which  the  washings  were  taken  from  the  healthy  members  of  a  family  in  which 
one  member  had  recently  died  of  acute  poliomyelitis,  the  inoculation  resulted 

successfully. 

The  patient  was  a  male,  age  41  years.  The  illness  began  on  Sept.  10,  the  legs 
becoming  paralyzed  2  days  later.  Death  took  place  on  the  4th  day  of  illness 
from  respiratory  failure.  The  surviving  members  of  the  family  consisted  of  the 
wife  and  three  children  ranging  from  10  to  14  years,  all  remaining  well.  One  day 
after  the  death  of  the  father  in  a  hospital,  nasal  washings  were  taken  in  distilled 
water  from  the  surviving  members  of  the  family.  The  combined  washings, 
amounting  to  1  liter,  were  evaporated  in  vacuo  to  75  cc,  sodium  chloride  was  added, 
and  the  mixture  was  filtered  first  through  paper  and  then  through  a  Berkefeld 
candle. 

Sept.  20.  0.5  cc.  of  the  filtrate  was  injected  intracerebrally  and  20  cc.  were 
introduced  into  the  peritoneal  cavity  of  a  Macacus  sinicus.  Oct.  2.  The  right 
leg  and  on  the  next  day  both  legs  and  back  were  paralyzed,  and  death  resulted. 
The  microscopic  sections  of  the  spinal  cord  showed  moderate  perivascular  and 
diffuse  infiltration  of  the  nervous  tissue  with  mononuclear  cells  and  neurophago- 
cytosis.  Oct.  3.  A  second  Macacus  sinicus  was  inoculated  intracerebrally  and 
intraperitoneally  with  an  emulsion  of  the  spinal  cord  of  the  first  animal.  On  Oct. 
13  the  right  leg  and  on  the  next  day  the  left  leg  were  paralyzed.  Oct.  15.  The 
animal  was  killed.  Sections  of  the  spinal  cord  showed  typical  infiltrative  and  de- 
generative lesions  of  poliomyelitis. 

There  can  be  no  doubt,  therefore,  that  in  this  family  one  or  more 
healthy  carriers  of  the  active  virus  of  poliomyelitis  existed.  That 
the  result  was  not  due  entirely  to  the  employment  of  concentrated 
washings  is  indicated  by  the  failure  to  detect  the  virus  in  the  washings 
obtained  from  the  healthy  associates  of  two  other  cases  of  acute 
poliomyelitis. 

OBSERVATIONS. 

In  the  two  successful  instances  just  reviewed,  mixed  washings  were 
employed  for  inoculation.  It  is,  therefore,  impossible  to  state 
whether  one  or  more  of  the  healthy  contacts  of  the  cases  of  polio- 
myelitis were  carriers.  In  the  instance  which  we  shall  report  the 
individuals  were  irrigated  separately.  The  final  result  proved  that 
more  than  one  virus  carrier  was  present,  and  it  was  demonstrated 
that  such  a  healthy  carrier  may  develop  poliomyelitis.     We  may 
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therefore  regard  the  chain  of  the  mode  of  infection  as  now  having 
been  completed  for  the  first  time.  The  separate  links  may  be  denned 
as  follows : 

Case  of  acute  poliomyelitis >  contact  carrier >  second  case. 

A  still  further  analysis  would  determine  that  through  the  contact 
carrier  other  carriers  occur,  among  which  a  certain  number  of  addi- 
tional cases  arise. 

Poliomyelitis  occurred  in  epidemic  form  in  Washington  County, 
Vermont,  in  the  summer  of  1917.  From  June  1  until  September  1, 
79  cases  were  recognized  among  the  population  of  45,000. 

Carey  P.,  male,  age  16  years.  The  patient  lived  in  the  village  of  Waitsfield, 
18  miles  from  Montpelier,  where  cases  of  poliomyelitis  existed.  No  case  of  the 
disease  had  been  discovered  in  Waitsfield.  On  June  2,  1917,  he  attended  a  ball 
game  at  Northfield  where  there  were  no  cases,  and  returning  home  stopped  in 
Montpelier  for  supper.  Probably  in  the  assembly  at  Northfield  persons  from 
the  infected  district  were  present.  Until  June  12  there  were  no  symptoms  of  ill- 
ness; on  that  day  there  was  complaint  of  headache  and  pain  in  the  back  and  legs. 
The  patient  vomited  once.  June  13.  First  seen  by  a  physician  who  observed 
that  the  patient  had  fever,  and  treated  him  for  a  gastrointestinal  upset.  June 
16.  Extensive  paralysis  involving  both  legs,  right  triceps,  intercostals,  pectorals, 
and  diaphragm.  Lumbar  puncture  yielded  clear  fluid  under  pressure,  containing 
400  white  cells  per  cmm.  and  excess  of  globulin.     Death  occurred  on  this  date. 

The  family  consisted  of  the  father,  age  59  years,  mother,  age  42, 
sister,  Hazel,  age  13,  two  brothers,  Everett,  age  10,  and  Dwight,  age 
7.  The  two  younger  brothers  slept  in  the  same  bed,  and  in  the  same 
room  with  the  elder  brother  Carey. 

June  16.  Everett  and  Hazel  were  given  nasopharyngeal  irrigation 
with  distilled  water,  60  cc.  being  obtained  from  the  former  and  100 
cc.  from  the  latter.  10  per  cent  of  ether  was  added  to  each,  and  the 
fluids  were  sent  at  once  to  the  laboratory.  One  of  us  had  previously 
determined  that  ether  inhibits  bacterial  development  without  injur- 
ing the  poliomyelitic  virus.  The  washings  were  treated  separately 
as  follows:  Glass  beads  were  added  and  they  were  shaken  mechani- 
cally for  2\  hours.  They  were  then  centrifuged  at  high  speed  for  2\ 
minutes,  and  the  supernatant  fluid  was  passed  through  a  Berkefeld 
N  candle  and  concentrated  in  vacuo  by  the  method  already  described 
by  us8  at  35°C.  to  2  cc.     The  entire  concentrate  was  injected  intra- 

Amoss,  H.  L.,  and  Taylor,  E.,  J.  Exp.  Med.,  1917,  xxv.  507. 
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cerebrally  into  two  Macacus  rhesus  monkeys  (Monkey  A  (Everett) 
and  Monkey  B  (Hazel)  ).  The  time  elapsing  between  the  collection 
and  the  injection  of  the  washings  was  less  than  6  hours. 

We  return  briefly  to  the  history  of  the  two  children.  Everett  had 
not  been  away  from  the  village  and  was  in  usual  health  until  June 
I  \  the  day  after  Carey  fell  ill.  He  also  felt  indisposed,  showed  a 
temperature  of  102°  F.  and  suffered  from  diarrhea,  but  did  not  vomit. 
However,  he  recovered  quickly  and  subsequently  on  minute  examina- 
tion has  shown  no  muscular  weakness  or  abnormality  of  reflexes. 

Hazel  had  not  been  away  from  Waitsfield.  She  had  been  entirely 
well  at  the  time  the  washings  were  taken  and  remained  well  until  June 
2 1 ,  at  which  time  she  complained  of  headache.  She  showed  a  tempera- 
ture of  102°  F.  On  June  22  her  reflexes  were  exaggerated  and  stiff- 
ness of  the  back  was  present,  but  no  muscular  weakness  was  detected. 
Lumbar  puncture  was  unsuccessful.  The  symptoms  subsided  gradu- 
ally, but  reexamination  made  on  July  22  revealed  partial  paralysis 
of  the  left  deltoid,  right  anterior  tibial,  and  abdominal  muscles.  She 
had,  therefore,  suffered  a  mild  attack  of  poliomyelitis. 

Monkey  A. — June  16,  1917.  Inoculated.  Remained  well  until  June  29,  when 
it  was  excitable,  emitted  staccato  cries,  and  showed  ruffled  hair.  The  animal  was 
noted  to  be  clumsy  in  movement  and  unable  to  jump.  June  30.  Both  legs  were 
weak.  July  4.  The  right  leg  was  paralyzed  and  flaccid;  the  left  leg  and  back 
were  weak.  The  paralysis  of  the  left  leg  and  back,  but  not  of  the  right  leg,  dis- 
appeared; the  latter  remained  and  contracture  gradually  set  in.  At  the  present 
time  (Sept.  1)  the  contraction  of  the  right  leg  is  so  marked  that  in  moving  about 
the  animal  does  not  touch  the  limb  to  the  floor.  On  Aug.  8  blood  was  with- 
drawn for  a  neutralization  test  and  at  the  same  time  an  intracerebral  inoculation 
was  made  with  a  large  dose  of  virus  proved  active  in  another  monkey;  the  result 
was  negative.  The  animal,  as  is  usually  the  case,  having  recovered  from  a  recent 
infection,  was  resistant  to  reinoculation. 

Monkey  B—  June  17,  1917,  3  a.m.  Injected  intracerebrally  with  1.5  cc.  of  the 
concentrated  washings.  Recovery  from  the  anesthesia  was  immediate,  and  the 
first  symptoms,  consisting  of  excitability,  ruffled  hair,  staccato  cries,  and  partial 
paralysis  of  the  right  leg,  were  observed.  June  26.  The  paralysis  being  station- 
ary, the  animal  was  etherized.  The  organs  appeared  normal  to  the  naked  eye. 
Mi(  roscopic  sections  revealed,  however,  marked  typical  lesions  of  poliomyelitis. 
They  affected  the  spinal  cord  (Fig.  1), medulla  (Fig.  2),  and  intervertebral  ganglia 
(Figs.  3  and  A),  and  consisted  of  typical  infiltration  with  mononuclear  cells  and 
nerve  cell  degeneration  with  phagocytosis. 
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Monkey  C. — June  26,  1917.  Injected  intracerebrally  under  ether  anesthesia 
with  2.5  cc.  of  a  20  per  cent  emulsion  of  spinal  cord  and  medulla  of  Monkey  B. 
July  7.  The  first  symptoms  were  noted,  consisting  of  ruffled  hair  and  inclination 
of  head  to  the  left.  July  8.  The  animal  was  ataxic  and  protected  the  right  leg. 
July  9.  Unable  to  jump;  legs  and  back  weak.  July  10.  Paralysis  progressing 
July  15.  Etherized.  The  spinal  cord  showed  typical  focal  lesions  of  poliomyelitis 
in  which  cicatrization  was  beginning. 

These  experiments  leave  no  doubt  that  the  washings,  both  from 
Everett  and  from  Hazel,  contained  the  virus  of  poliomyelitis.  The 
instance  of  Hazel  is  of  particular  importance  since  in  her  case  the  virus 
was  detected  in  washings  taken  5  days  before  the  first  symptoms  of 
what  proved  subsequently  to  be  a  mild  attack  of  poliomyelitis  set  in. 
In  other  words,  she  was  carrying  the  virus  in  her  nasopharynx  several 
days  in  advance  of  the  appearance  of  any  signs  of  illness.  She  con- 
stitutes, therefore,  an  example  of  a  carrier  of  the  virus  developing 
poliomyelitis — the  first  one  in  which  the  demonstration  has  been 
proved  experimentally. 

The  interpretation  in  the  case  of  Everett  is  not  so  simple.  When 
the  virus  was  detected  in  his  nasopharynx  he  had  passed  through  a 
slight  attack  of  illness,  at  about  the  same  time  with,  and  of  about  the 
same  character  as  that  of  his  brother  Carey  who  died,  but  unattended 
by  paralysis.  The  presumption  is  that  Everett  suffered  from  a  non- 
paralytic or  abortive  attack  of  poliomyelitis.  The  detection  of  the 
virus  in  his  case  proves  him  not  to  have  been  a  healthy,  but  a  recov- 
ered carrier  of  the  microbic  cause  of  the  disease. 

The  two  children  having  been  shown  to  be  virus  carriers,  their 
nasopharyngeal  secretions  were  tested  by  the  method  of  Amoss  and 
Taylor,8  to  determine  whether  they  would  neutralize  an  active  polio- 
myelitic  virus. 

July  23,  1917.  Washings  with  sterile  water  were  taken  from  the  children, 
and  fractionally  sterilized  and  mixed.  To  15  cc.  of  the  mixture  were  added  3.75 
cc.  of  a  Berkefeld  filtrate  of  a  5  per  cent  stock  glycerolated  poliomyelitic  spinal 
cord.  After  shaking,  the  combined  fluids  were  permitted  to  remain  at  :7°C.  for 
24  hours.  1  cc.  of  the  fluid  was  injected  intracerebrally  into  a  Macacus  r/icsus. 
No  symptoms  appeared  until  Aug.  4,  when  excitability,  ataxia,  paralysis  <>t  the 
right  arm,  and  weakness  of  the  back  were  noted.  Aug.  8.  Animal  prostrate. 
Aug.  10.     Died.     The  microscopic  lesions  were  typical  of  poliomyelitis. 
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The  mixed  nasal  washings  failed,  in  this  experiment,  to  neutralize 

the  virus. 

The  youngest  child,  Dwight,  age  7  years,  was  refractory  and  no 
washings  were  obtained  from  him  on  June  16  when  they  were  taken 
from  the  other  children.  On  June  18  he  complained  of  being  unwell. 
The  symptoms  were  severe  headache,  stiffness  of  neck,  exaggerated 
reflexes,  but  no  diarrhea.  Lumbar  puncture  yielded  a  fluid  contain- 
ing 500  white  cells  per  cmm.  and  an  excess  of  globulin.  Immune 
poliomyelitic  serum  from  recovered  cases  of  the  disease  was  admin- 
istered intraspinally,  intravenously,  and  subcutaneously:  24  cc.  were 
given  intraspinally,  30  cc.  intravenously,  and  39  cc.  subcutaneously. 
Recovery  was  prompt,  with  a  slight  paralysis  of  the  right  anterior 
tibial  muscle.  Nasopharyngeal  washings  were,  however,  obtained  on 
September  4,  which  after  filtration  and  concentration  were  inoculated 
into  a  Macacus  rhesus  (Monkey  D).     The  monkey  remained  well. 

DISCUSSION. 

This  series  of  cases  of  poliomyelitis  in  one  family,  with  the  circum- 
stances surrounding  their  origin,  forms  an  instructive  illustration  of 
the  mode  of  infection  of  the  disease  as  brought  out  by  the  clinical 
and  experimental  study. 

In  the  first  place,  one  child  only — the  eldest  boy,  Carey — was  ex- 
posed in  a  locality  in  which  poliomyelitis  was  epidemic.  The  expo- 
sure took  place  on  June  2.  Immediately  afterwards  he  returned 
home,  to  a  village  in  which  no  previous  case  of  the  disease  had  oc- 
curred, and  mingled  freely  with  his  younger  brothers  and  sister.  The 
contacts  may  be  considered  to  have  been  intimate  in  that  the  three 
male  children  slept  in  the  same  room,  two  of  them  in  the  same  bed. 

The  incubation  period  in  Carey's  case  was  9  or  10  days,  as  he  was 
taken  ill  on  June  12.  His  brother  Everett,  6  years  younger,  devel- 
oped symptoms  1  day  later  and  passed  through  what  was  probably  a 
non-paralytic  attack  of  poliomyelitis.  He  may  be  considered  as  hav- 
ing been  infected  by  Carey  some  time  during  the  incubation  period, 
and  to  have  exhibited  a  shorter  incubation  than  his  brother.  The 
youngest  brother,  Dwight,  was  also  freely  exposed  to  both  older 
brothers  and  exhibited  symptoms  passing  into  those  indicative  of 
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poliomyelitis  5  or  6  days  later  than  his  brothers.  Finally,  Hazel,  the 
sister,  in  age  between  the  two  older  brothers  and  possibly  less  freely 
exposed,  developed  symptoms  and  muscular  weakness  last  of  all  and 
about  10  days  after  the  eldest  brother.  The  incubation  periods  of 
the  cases,  therefore,  probably  were  10  days  or  less,  and  the  order  oi 
the  attacks  was  such  as  to  indicate  successive  infection  and  not  a 
common  one. 

The  second  feature  worthy  of  emphasis  is  the  detection  in  this  one 
family  of  two  carriers  of  the  poliomyelitic  virus  by  the  inoculation 
test.  One  (Everett)  was  discovered  to  be  a  carrier  probably  follow- 
ing a  non-paralytic  attack.  In  the  instance  of  Hazel  there  is  no 
doubt,  first  that  she  was  discovered  to  be  a  healthy  carrier,  and 
second  that  she  developed  typical  poliomyelitis  during  the  period  of 
carriage.  Incidentally  the  nasopharyngeal  secretions  of  Hazel  and 
Everett  failed  to  neutralize  the  poliomyelitic  virus. 

If  the  view  that  the  mode  of  infection  in  epidemic  poliomyelitis  is 
by  way  of  the  nasopharyngeal  mucous  membrane  and  is  brought 
about  or  greatly  facilitated  through  the  operation  of  healthy  carriers 
of  the  virus  is  accepted,  we  may  well  consider  whether  in  the  final 
analysis  every  case  of  the  disease  does  not  develop  from  a  carrier.  At 
first  this  may  seem  startling,  and  yet  it  merely  means  that  after  con- 
tamination of  the  nasopharynx  with  the  virus,  an  intervening  period 
exists  during  which  persistence,  multiplication,  and  invasion  of  the 
virus  take  place.  In  not  all  contaminated  persons  does  this  process 
become  complete;  in  some  the  virus  may  merely  persist  for  a  time, 
in  others  it  may  multiply  in  the  nasopharynx  (these  constitute  the 
healthy  carriers  of  greater  or  less  endurance),  while  in  the  exceptional 
few  invasion  also  occurs.  In  the  last  class  symptoms  arise,  and  these 
individuals  become  cases  of  poliomyelitis. 

SUMMARY. 

A  family  group  containing  four  children  of  whom  all  showed  in 
varying  degree  symptoms  of  poliomyelitis  is  described.  The  source 
of  infection  and  periods  of  incubation  have  been  followed.  Two  of 
the  children  were  proven  by  inoculation  tests  to  carry  the  virus  of 
poliomyelitis  in  the  nasopharynx.     Of  these,  one  was  detected  to  be 
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a  carrier  after  recovering  from  a  non-paralytic  attack  of  the  disease, 
and  the  other  was  discovered  to  be  a  carrier  about  5  days  before  the 
initial  symptoms,  attended  later  by  paralysis,  appeared.  The  origi- 
nal case  from  which  the  three  others  took  origin  was  fatal;  the  young- 
est child,  after  quite  a  severe  onset,  was  treated  with  immune  serum, 
and  made  a  prompt  and  almost  perfect  recovery.  The  nasopharyn- 
geal secretions  of  two  of  the  cases,  taken  1  month  after  the  attack, 
proved  incapable  of  neutralizing  an  active  poliomyelitic  virus. 

The  proposition  is  presented  that  every  case  of  poliomyelitis  de- 
velops from  a  carrier  of  the  microbic  cause,  or  virus,  of  poliomyelitis. 

EXPLANATION  OF  PLATES. 
Plate  55. 

Fig.  1.  Spinal  cord  of  Monkey  B.  showing  perivascular  infiltration  and  neuro- 
phagocytosis      X  90. 

Fig.  2.  Medulla  of  Monkey  B,  showing  diffuse  mononuc'ear  infiltration,  nerve 
cell  degeneration,  and  neurophagocytosis.     X  230. 

Plate  56. 

Fig.  3  Intervertebral  gang'ion  of  Monkey  B  showing  infiltrative  changes  and 
nerve  cell  invasion.     X  120. 

Fig.  4.  Intervertebral  ganglion  of  Monkey  B,  showing  mononuclear  infiltra- 
tion, nerve  cell  degeneration,  and  neurophagocytosis.     X  240 
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(Taylor  and  Amoss:  Carriage  of  the  virus  of  poliomyelitis.) 


[Reprinted  from  The  Journal  of  Experimental  Zoology,  November  5,  1917,  Vol.  xxiv, 

No.  2,  pp.  237-301.] 


A  FURTHER  CONTRIBUTION  TO  THE  METAMORPHOSIS 
OF  AMPHIBIAN  ORGANS. 

The  Metamorphosis  of  Grafted  Skin  and  Eyes  of  Amblystoma 

punctattjm. 

By  EDUARD  UHLENHUTH. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 
FrvE  Plates  and  Three  Text  Figures 

CONTENTS. 

I.  Introduction 32 

II.  Certain  morphological  characteristics  of  the  metamorphosis  of  the  nor- 
mal skin  and  eye  in  Amblystoma  punctatum 35 

A.  Skin 35 

B.  Eye 39 

III.  The  experiments 41 

A.  Homoplastic  transplantation  between  larvae  of  Amblystoma  punc- 
tatum       41 

1 .  Material  and  method 41 

2.  Results 45 

a.  Metamorphosis  of  the  grafted  skin 45 

b.  Metamorphosis  of  the  grafted  eye 62 

B.  Heteroplastic  transplantation  from  larvae  of  Amblystoma  punc- 
tatum to  larvae  of  Amblystoma  tigrinum 63 

1 .  Material  and  method 63 

2.  Results 64 

IV.  Discussion 68 

1.  Some  principles  of  metamorphosis  deduced  from  the  experiments.  68 

2.  A  criticism  of  the  method  employed  in  the  experiments 70 

3.  A  criticism  of  WeigPs  experiments 12 

4.  Relation  between  the  metamorphosis-factor  disclosed  in  the  experi- 

ments and  the  thyroid  substance 75 

5.  The  mechanism  of  the  development  of  the  yellow  spots  and  some 

remarks  on  specificity 76 

V.  Summary 7v 

VI.  Bibliography 81 

•  31 


32  METAMORPHOSIS   OF   AMPHIBIAN  ORGANS 

I.    INTRODUCTION. 

In  a  series  of  experiments  performed  on  larvae  of  Salamandra 
maculosa  in  1910,  1911  and  1912,1  the  writer  studied  certain  factors ' 
involved  in  the  normal  metamorphosis  of  the  Amphibian  eye.  It 
was  shown  that  eyes  taken  from  an  old  larva  and  grafted  to  a  young 
one,  cannot  metamorphose  unless  the  host  metamorphoses.  The 
metamorphosis  of  the  old  eyes,  therefore,  was  delayed  as  compared 
with  the  time  of  metamorphosis  of  their  eye-mates  left  on  the  old 
larvae  from  which  the  grafted  eyes  were  taken.  In  one  case  in  which 
the  new  host  metamorphosed  two  months  later  than  the  animal  from 
which  the  grafted  eye  was  taken,  the  metamorphosis  of  the  grafted 
eye  also  occurred  two  months  later  than  that  of  its  eye-mate.  Fur- 
thermore, it  appeared  that  the  grafted  eye  must  metamorphose  at 
the  time  that  the  eyes  of  the  host  metamorphose.  When  one  eye  of  a 
young  larva  was  grafted  to  an  old  larva,  the  metamorphosis  of  the 
young  eye  was  accelerated  just  so  much  as  to  occur  simultaneously 
with  that  of  the  host's  eyes.  In  this  way  it  was  possible  to  accelerate 
metamorphosis  of  the  grafted  eye  by  two  to  six  months.  From  these 
experiments,  the  following  conclusion  seemed  justified:  that  meta- 
morphosis of  the  eye  is  dependent  upon  the  presence  of  a  particular 
factor  without  which  metamorphosis  cannot  occur,  and  that  this 
factor  cannot  be  produced  by  the  eye  itself,  but  is  developed  in  another 
part  of  the  an'mal's  body  whence  it  is  furnished  to  the  eye. 

When  however,  very  old  larvae  such  as  were  leaving  the  water 
one  or  more  days  after  the  operation,  were  one  of  the  two  compon- 
ents (host  or  graft)  in  these  grafting  experiments,  the  results  differed 
considerably  from  those  described  above.  When  one  of  these  very 
old  larvae  (called  'Larvenendstadium'  in  the  first  publication)  was 
the  host  the  young  grafted  eye  metamorphosed  at  a  later  date  than 
the  host  and  furthermore,  when  such  an  old  eye  was  grafted  on  a 
young  larva  it  metamorphosed  long  before  and  independently  from 
the  host.  Though  in  these  'Larvenendstadien'  the  morpho'ogical 
change  corresponding  to  metamorphosis  was  not  developed  at  the 
time  of  operation,  the  factor  necessary  to  its  production  was  appar- 
ently already  contained  in  the  eye.     The  young  eyes  grafted  to  the 

1  I  .  Uhlenhuth,  1913  a. 
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old  animals  on  the  other  hand,  did  not  metamorphose  simultaneously 
with  the  host,  because  one  or  two  days  of  action  of  this  factor  is  ap- 
parently not  sufficient  to  produce  metamorphosis. 

Thus,  in  the  case  of  the  eye  of  Salamandra  maculosa  the  existence 
of  a  definite  factor  involved  in  the  metamorphosis  was  shown.  It 
was  found  (1)  that  this  factor  cannot  be  produced  by  the  eye  itself 
but  originates  in  the  body  of  the  host,  the  exact  part  being  unknown; 
2  I  that  it  must  act  a  certain  length  of  time  in  order  to  start  the 
process  of  metamorphosis  and  (3)  that  metamorphosis  will  occur  if 
once  induced  by  this  factor,  even  if  the  organ  is  removed  from  the 
further  influence  of  the  action  of  the  factor. 

The  fourth  characteristic  of  the  metamorphosis  factor  could  not 
be  precisely  determined  as  the  number  of  experiments  was  not  suf- 
ficiently large.  It  was  observed  that  eyes  of  salamander  larvae  also 
metamorphosed  when  grafted  to  larvae  of  Triton.  These  experi- 
ments suggested  that  the  metamorphosis  factor  is  a  non-specific  agent. 
but  owing  to  the  small  number  of  experiments  no  comment  was  made 
at  that  time. 

The  first  three  characteristics  however,  were  observed  with  such 
regularity  that  they  were  considered  to  be  definite  rules  of  the  proc- 
ess of  metamorphosis  and  apt  to  throw  some  important  fight  on 
this  phenomenon.  In  order  to  justify  this  opinion  it  was  considered 
particularly  necessary  to  examine  several  of  these  organs,  the  meta- 
morphosis of  which  is  most  prominent  and  to  find  out  whether  the 
metamorphosis  of  these  organs  is  subjected  to  similar  or  identical 
rules  as  the  metamorphosis  of  the  eye.  If  this  were  so.  one  would  be 
justified  in  thinking  that  one  single  factor  governs  the  metamorpho- 
sis of  all  these  organs  and  that  a  common  center  in  the  body  responsi- 
ble for  the  development  of  this  metamorphosis  factor  could  be  found. 

It  was  from  this  idea  that  Kornfeld's  experiments  on  the  metamor- 
phosis of  the  gills  originated.  By  grafting  the  gills  in  a  similar  way 
as  the  eyes,  it  was  poved  that  also  in  the  metamorphosis  of  the  gills 
a  metamorphosis  factor  is  involved,  which  possesses  the  first  charac- 
ic  of  the  factor  governing  eye-metamorphosis.  Xo  experiments 
were  made  to  examine  the  three  other  factors. 

In  1913,  several  months  after  the  author's  first  publication  on  the 
subject  in  question.  Weigl's  paper  on  homoplastic  and  heteroplastic 
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transplantation  of  the  Amphibian  skin  appeared.  Some  of  his  ex- 
periments were  made  in  exactly  the  same  manner  as  the  author's  eye- 
grafting  experiments.  To  the  facts  obtained  by  these  experiments  we 
will  have  to  refer  later  on.  The  conclusions  however,  which  Weigl 
pointed  out  in  a  chapter  on  metamorphosis,  were  entirely  contradic- 
tory to  our  results.  From  his  experiments  Weigl  formed  the  opinion 
that  the  metamorphosis  of  the  skin  is  a  process  of  absolute  self- 
differentiation  of  this  organ  (Roux)2  while  we  found  on  the  contrary, 
that  the  eye  is  unable  to  metamorphose  unless  it  is  furnished  by  the 
animal's  body  with  a  certain  factor  or  agent,  which  alone  can  induce 
metamorphosis  of  the  organ.  If  the  conclusions  of  Weigl  were  right, 
the  theory  that  metamorphosis  of  the  organs  is  enacted  from  a  com- 
mon center  in  the  body  would  certainly  lose  much  of  its  interest  and 
probability. 

Meanwhile  however,  Gudernatsch's  experiments  on  feeding  tad- 
poles on  thyroid,  the  first  results  of  which  were  reported  only  a  short 
time  before  the  writer  had  finished  his  first  group  of  experiments, 
have  been  repeated  by  several  authors  (Romeis,  Kahn  and  others) 
and  it  is  certain  that  thyroid  substance  can  induce  metamorphosis 
of  the  whole  animal  within  a  relatively  short  time.  This  again  sug- 
gests that  in  normal  metamorphosis  the  development  of  all  organs, 
which  take  part  in  it,  is  governed  by  one  center  and  that  metamor- 
phosis of  these  organs  is  not  a  process  of  self-differentiation. 

Furthermore  J.  Loeb,  following  the  ideas  of  Sachs,  in  a  recently 
published  book,  has  developed  a  theory  according  to  which  the  flow 
of  certain  substances  plays  a  very  important  role  in  the  develop- 
ment of  the  organs.  A  large  number  of  facts  are  quoted  which  show 
that  the  mode  of  distribution  by  this  flow  of  the  substances  determines 
the  development  of  a  certain  structure  at  a  certain  place. 

And  finally,  certain  experiments  are  in  progress  and  have  been 
partly  reported  (Adler,  Smith,  Allen,  Hoskins)  by  means  of  which 
one  single  organ  (Hypophysis,  Thyroid)  has  been  removed  from  the 
Amphibian  body,  and  it  seems  that  the  absence  of  this  single  organ 
actually  prevents  or  modifies  metamorphosis  in  some  way. 

1'  rom  all  tins  it  seems  that  a  study  of  the  process  of  metamorphosis 
of  the  skin  gains  renewed  interest  and  that  the  demonstration  of  a 

2  R.  Weigl,  p.  620. 
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metamorphosis  factor  acting  on  the  skin  in  a  way  similar  to  that  of 
the  metamorphosis  factor  involved  in  the  metamorphosis  of  the  eye 
and  the  gills,  would  be  of  great  importance.  For  this  reason  a  series 
of  grafting  experiments  on  Amblystoma  punctatum  and  Amblystoma 
tigrinum  were  performed  in  the  late  spring  of  1916.  Special  atten- 
tion was  paid  to  the  metamorphosis  of  the  grafted  skin  but  in  several 
cases  the  metamorphosis  of  the  eye  was  also  watched. 

77.  Certain  Morphological  Characteristics  of  the  Metamorphosis  of  the 
Normal  Skin  and  Eye  in  Amblystoma  punctatum. 

A.  Skin. 

As  can  be  seen  from  the  foregoing  pages  and  will  better  be  seen 
from  the  next  chapter,  the  method  of  these  experiments  is  such  as  to 
compare  the  skin  of  different  individuals  as  to  the  time  at  which 
metamorphosis  occurs  or  as  to  the  rate  at  which  development  pro- 
gresses. This  cannot  be  done  unless  we  have  certain  definite  char- 
acteristics at  hand  which  mark  the  time  of  the  entrance  of  the  skin 
into  each  stage  concerned  in  this  comparison.  Therefore  it  is  neces- 
sary to  outline  here  briefly  the  course  of  the  development  of  those 
characteristics  which  we  have  chosen  for  the  purpose  of  indicating 
the  entrance  into  certain  developmental  stages  and  to  signify  what 
characteristics  we  have  decided  to  be  our  indicators. 

It  is  well  known  that  during  metamorphosis  the  Amphibian  skin 
is  subjected  to  a  large  number  of  changes,  some  of  which  concern 
only  the  histological  structure,  while  others  are  of  such  a  nature  as 
to  alter  the  external  aspect  of  the  organ  also.  It  is  clear  that  we  could 
not  use  the  first  ones,  as  the  nature  of  our  experiments  does  not  per- 
mit of  killing  the  animals  for  examination.  Among  the  external 
changes  only  the  development  of  the  permanent  coloration  of  the 
skin  was  used.  As  we  shall  see  it  is  possible  to  discern  a  number  of 
definite  stages  within  the  process  of  working  out  of  the  skin  colors. 
The  development  of  each  of  these  stages  may,  and  according  to  what 
has  been  said  on  page  32  of  this  paper  actually  does  correspond  to 
certain  more  or  less  complicated  internal  physiological  processes, 
which  are  visible  neither  to  the  microscope  nor  to  the  naked  eye;  by 
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means  of  these  processes  a  number  of  internal  changes  may  be  ef- 
fected, the  final  expression  of  which  are  those  morphological  changes 
with  which  alone  we  will  be  concerned  in  this  paper.  The  nature  of 
the  internal  changes  connected  intimately  with  the  production  of  the 
pigments  may  be  important  and  so  far  as  the  gathering  of  a  certain 
kind  of  chromatophores  at  certain  places  into  single  spots  is  concerned 
seems  to  be  of  particular  interest,  but  need  not  be  discussed  here. 
( loncerning  the  action  of  the  physiological  processes,  certain  features 
of  their  nature  have  been  disclosed  by  experiments  similar  to  those 
to  be  reported  and  these  are  described  in  former  papers  concerned 
with  these  experiments. 

Before  entering  into  a  description  of  the  development  of  the  skin 
coloration  it  should  be  mentioned  that  among  the  American  species 
of  Salamanders  available  for  our  experiments,  there  is  none  in  which 
the  development  of  the  skin  shows  such  a  definite  step  as  is  the  ap- 
pearance  of  the  yellow  spots  in  the  European  species  Salamandra 
maculosa.  In  Amblystoma  punctatum  the  development  of  the  perma- 
nent skin  patterns  of  the  adult  is  much  more  continuous  and  gradual ; 
nevertheless  as  we  will  see  it  is  possible  to  divide  the  development  of 
the  yellow  spots  of  the  adult  animal  into  a  number  of  well  defined 
developmental  stages. 

The  first  color  stage  of  the  skin  prevails  during  the  largest  part  of 
the  larval  period;  it  is  characterized  by  a  more  or  less  uniform  pig- 
mentation of  the  entire  skin  except  the  skin  of  the  belly,  which  how- 
ever does  not  enter  into  our  experiments.  This  uniformity  is  pro- 
duced during  the  first  days  of  life  by  a  continuous  layer  of  a  yellow- 
ish pigment  which  is  not  contained  in  chromatophores,  but  exhibits 
a  purely  diffuse  character.  Soon  after  the  animals  are  hatched, 
melanophores  appear  scattered  more  or  less  evenly  throughout  the 
skin  of  the  head,  back  and  tail.  With  the  gradual  increase  of  the 
number  of  melanophores  the  skin  continually  darkens  without  losing 
the  uniformity  of  its  color.  Xo  definite  patterns  are  worked  out  on 
the  skin  during  this  period,  which  shall  be  referred  to  as  'even  yellow 
brown'  in  the  following  chapters.  Of  course,  there  are  many  varia- 
tions to  be  observed  corresponding  with  individual  differences  as 
well  as  with  differences  in  the  treatment  of  the  animals  and  age  of 
t  he  animals ;  but  none  are  definite  enough  to  play  any  role  here.    Varia- 
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tions  from  a  very  light  to  a  very  dark  shade  usually  correspond  with 
progressing  age  and  also  with  similar  differences  of  the  color  of  the 
background  on  which  the  animals  are  kept,  with  the  intensity  of 
light  and  the  differences  in  temperature.  Grayish,  reddish  or  green- 
ish tints  may  be  intermingled  but  without  changing  the  uniformity 
of  the  coloration.  Figure  1  indicates  this  stage;  it  shows  a  larva  of 
Amblystoma  punctatum  about  six  months  old.  kept  in  a  dark  room 
at  15°C.  and  fed  on  worms.  The  same  stage  may  be  seen  from 
figure  13. 

The  next  stage  is  the  'network.'  It  is  characterized  by  the  ap- 
pearance of  a  yellowish  or  greenish  network  on  an  even  yellow  brown 
background.  It  also  shows  great  variations:  it  may  be  very  dense 
or  very  loose;  it  may  be  produced  by  either  fine  and  numerous  yellow 
streaks  or  by  fewer  and  broader  stripes  and  blots.  It  may  be  of  in- 
tense yellow  or  of  a  greenish  color.  Similar  factors  to  those  mentioned 
in  the  last  paragraph  seem  to  produce  these  variations  and  we  shall 
deal  with  some  of  them  in  another  paper.  Here  it  is  important  to 
mention  that  the  network  can  be  sharply  defined  as  soon  as  it  appears, 
though  considerable  time  is  required  to  develop  all  of  its  characteris- 
tics definitely.  It  always  develops  while  the  animal  is  still  in  the  larval 
period.  Figure  2  pictures  the  network  as  it  appeared  on  a  larva  six 
months  old,  kept  in  a  dark  room  at  an  average  temperature  of  about 
15°C.  and  fed  on  worms. 

The  next  stage  may  begin  while  the  animal  is  still  in  the  water  and 
under  these  circumstances  indicates  that  the  animal  will  soon  leave 
the  water,  or  it  may  begin  after  the  animal  has  left  the  wrater.  At 
any  rate,  it  always  begins  about  th's  period,  and  the  ime  of  its  ap- 
pearance and  further  development  corresponds  to  the  period  in  which 
the  animal  as  a  whole  undergoes  those  processes  which  are  generally 
called  metamorphosis  in  the  Amphibians.  (See  Chapter  III,  p.  44.) 
For  this  reason  this  stage  is  considered  here  as  corresponding  with 
the  metamorphosis  of  the  skin.  The  beginning  of  this  stage  is  indi- 
cated by  a  general  contraction  of  the  network,  by  means  of  which  it 
loses  its  anastamoses  and  appears  in  the  form  of  isolated  spots  or 
blots,  a  phenomenon  which  is — within  the  limit  of  a  few  days — well 
defined  in  respect  to  time.  But  the  development  of  the  definite  yel- 
low spots  as  they  appear  on  the  adult  animal,  occurs  very  gradually 
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in  most  animals  requiring  about  seventeen  to  twenty-one  days  and 
in  some  exceptional  cases  much  more.  After  the  animal  has  left  the 
water,  all  colors  soon  appear  quite  dim  in  consequence  of  the  devel- 
opment of  relatively  dry  and  dull  layers  of  horney  cells  lying  on  the 
surface  of  the  skin  and  unshed  for  a  long  time.  During  this  period, 
the  spots  decrease  in  size  and  change  their  shape,  assuming  a  round 
form  in  the  majority  of  animals.  Many  spots  disappear.  This 
stage  was  called  "Separation  of  the  network."  Unfortunately  no 
photograph  was  taken  of  a  worm-fed  larva  entering  this  stage.  In 
its  place  a  photograph  of  a  thymus-fed  animal  kept  at  a  temperature 
of  about  25°C.  is  shown  here  (fig.  3) ;  it  was  taken  a  short  time  after 
the  separation  of  the  network  had  started.  Although  there  are  cer- 
tain differences  between  the  color  of  thymus-fed  and  worm-fed  ani- 
mals, the  stages  of  development  show  the  same  essential  features  in 
both  cases.  The  day  before  this  animal  was  photographed,  102  yel- 
low spots  were  counted  on  the  right  side  of  the  animal,  two  and  one- 
half  months  later,  when  the  animal  was  fully  metamorphosed,  only  32 
spots  were  left. 

Figure  4  shows  the  separation  of  the  network  at  a  later  period  on  a 
worm-fed  animal  which  left  the  water  eleven  days  before  it  was 
photographed  and  painted.  This  picture  also  shows  that  the  devel- 
opment of  the  spots  on  the  tail  has  progressed  more  rapidly  than  on 
the  body.     We  shall  refer  only  to  the  spots  on  the  body  and  head. 

The  last  stage  which  we  call  'black'  is  reached  when  the  colors 
of  the  spots  and  background  have  fully  cleared  up.  It  corresponds 
with  the  termination  of  metamorphosis.  The  background  then  ap- 
pears black  and  the  spots  are  of  a  varying  bright  yellow;  the  colors 
also  are  more  vivid  because  the  surface  of  the  skin  is  now  glossy  in- 
stead of  dull.  The  transition  from  the  third  into  the  last  stage  occurs 
very  gradually  and  no  definite  line  can  be  drawn  between  them. 
Figure  14  shows  a  fully  metamorphosed  animal. 

In  the  following  text  the  terms  'cinnamon'  and  'brown'  refer  to  the 
color  of  the  background  after  the  animal  has  left  the  water.  In  the 
beginning  it  very  often  assumes  a  reddish  brown  color  which  is 
called  'cinnamon;'  then  this  color  changes  into  a  greenish  black-brown 
which  is  called  'brown.'  By  getting  gradually  darker  and  darker 
this  color  becomes  black. 
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It  should  also  be  mentioned  that  the  rest  of  the  skin  in  which  the 
network  and  the  spots  seem  to  be  imbedded,  is  called  "Background." 

Finally  it  must  be  said  that  size  and  shade  of  the  yellow  spots  vary 
greatly  as  we  shall  see  later  on,  when  we  shall  deal  with  this  fact.  One 
exception  should  be  mentioned  here.  A  very  small  percentage  among 
a  certain  number  of  animals  does  not  develop  any  spots  at  all  on  the 
back,  or  only  very  few  of  small  size  and  of  a  faint  greenish  color. 
They  seem  to  consist  of  a  number  of  tiny  yellowish  pigment  dots, 
which  attach  a  loose  aspect  to  them;  they  are  called  'dotted  spots.' 
In  such  animals  the  rate  of  development  of  the  background  is  more 
rapid  than  the  development  of  the  yellow  spots;  at  a  similar  stage  of 
development  of  the  background  in  other  animals  the  spots  would 
have  been  better  developed  than  in  the  animals  referred  to. 

The  four  stages  which  we  have  found  during  the  development  of 
the  skin  are  (1)  even  yellow  brown,  (2)  network,  (3)  separation  of  net- 
work and  (4)  black;  the  third  one,  because  of  its  simultaneity  with 
the  general  metamorphosis  of  the  whole  animal,  has  been  considered 
to  directly  correspond  with  the  metamorphosis  of  the  skin.  But  since 
the  rate  of  development  of  the  other  stages  and  particularly  also  of 
the  second  stage  has  been  found  subjected  to  the  same  laws  as  that 
of  the  third  stage,  there  will  be  no  need  of  emphasizing  this  artificial 
distinction  when  we  discuss  the  general  laws  to  which  the  develop- 
ment of  the  skin  appears  to  be  subjected.  The  second  and  the 
third  stage  together  constitute  the  phenomenon  of  the  working  out 
of  one  typical  characteristic  of  the  adult,  i.e.,  the  yellow  spots,  which 
is  the  first  step  of  this  stage. 

B.  Eye. 

In  the  eye  also  certain  changes  of  its  pigmentation  were  used  as  a 
mark  of  the  entrance  into  metamorphosis. 

In  the  beginning  of  the  larval  period  the  eye  shows,  when  examined 
with  the  naked  eye,  a  continuous  rather  light  yellow  ring,  which  cor- 
responds with  the  iris  and  contains  no  black  pigment.  The  color  of 
this  ring  darkens  with  increasing  age  but  no  black  pigment  forming 
interruptions  between  the  yellow  parts  of  the  ring  are  visible  to  the 
naked  eye.  Some  time  before  the  larvae  leave  the  water  the  ring 
becomes  narrower  and  finally  forms  a  distinct  and  narrow  but  still  con- 
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tinuous  line  around  the  pupil.  Several  days  after  the  animal  has 
left  the  water,  the  ring  undergoes  a  distinct  and  very  sudden  change; 
the  yellow  line  breaks  up  into  numerous  yellow  and  black  dots. 
After  this  there  occurs  a  very  gradual  change,  which  stretches  over 
a  long  period ;  while  the  black  dots  become  larger,  the  number  of  yel- 
low dots  decreases  until  finally  pupil  and  iris  form  one  black  circle 
Oil  the  outer  margin  of  which  a  small  number  of  yellow  dots  are  scat- 
tered. In  some  individuals  no  clots  remain  while  in  others  yellow 
.lots  arc  present  for  several  months.  Such  yellow  dots  may  be  de- 
tected occasionally  even  in  adult  individuals. 

On  examination  with  a  high  power  binocular  lupe  the  phenomenon 
described  above  appears  somewhat  different.  From  the  beginning  a 
small  number  of  contracted  melanophores  can  be  seen  scattered 
throughout  the  yellow  iris.  The  darkening  of  the  iris  is  not  due  so 
much  to  an  accumulation  of  melanophores  the  number  of  which  in- 
creases very  little,  but  to  the  appearance  of  orange  or  reddish  yellow 
blots.  In  these  blots  the  blood  can  be  seen  circulating  while  in 
the  early  stage  the  blood  circulation  could  not  be  seen.  It  also 
seems  that  some  of  the  yellow  chromatophores  themselves  have  be- 
come somewhat  darker  yellow.  In  the  very  early  stages  a  division 
into  two  sections  can  be  seen — an  inner  narrower  section  and  an 
outer  wider  section.  The  inner  section  does  not  contain  any  melano- 
phores at  all  and  appears  even  under  a  weak  magnification  of  the 
microscope  as  a  continuous  ring  of  pure  yellow  pigment  (fig.  5).  This 
division  into  two  sections  later  on  becomes  more  accentuated  as  the 
reddish  yellow  blots  only  appear  in  the  outer  section.  Finally,  in 
the  outer  section  the  amount  of  darker  pigment  increases  and  large 
parts  of  it  appear  brown  while  the  inner  section  still  remains  without 
melanophores.  It  is  at  this  time  that  to  the  naked  eye  the  ring 
seems  to  have  become  narrower  since  the  outer  section  has  become 
black  to  the  naked  eye.  At  the  time  that  the  naked  eye  sees  the 
breaking  up  into  black  and  yellow  dots,  the  yellow  chromatophores 
of  the  inner  section  have  started  to  loosen  up  and  form — by  means 
of  their  anastomosing  processes— a  fine  network  through  the  meshes 
of  which  the  black  epithelial  layer  of  the  iris  seems  to  become  visible. 
Soon  the  yellow  chromatophores  become  fewer  and  cease  to  anasto- 
mose with  each  other.     This  process  and  a  gradual  decrease  in  the 
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number  of  isolated  yellow  chromatophores  correspond  to  the  de- 
crease in  the  number  of  yellow  dots  seen  by  the  naked  eye;  each  yel- 
low dot  corresponds  to  one  single  xanthophore  (fig.  6). 

The  stage  of  breaking  up  into  yellow  and  black  dots  will  be  as- 
sumed to  be  the  beginning  of  the  eye's  metamorphosis. 

777.  The  Experiments. 

A.  Homoplastic  Transplantation  Between  Larvae  of  Ambly stoma 

punctatum. 

1.  Material  and  Method. 

The  general  method  of  these  experiments  should  be  to  remove  one 
piece  of  skin  from  the  larva  just  before  the  factor  inducing  metamor- 
phosis is  developing  in  the  body,  and  to  graft  the  piece  to  another 
larva  in  which  this  factor  will  not  develop  for  a  long  time.  The  ani- 
mal from  which  the  skin  graft  is  taken  should  metamorphose  long 
before  the  piece  of  skin  which  was  grafted  onto  the  young  host  would 
metamorphose,  provided  the  metamorphosis  of  the  skin  follows  the 
same  rules  as  that  of  the  eye  and  gills.  Grafting  of  a  young  skin  to 
an  old  larva  in  which  the  metamorphosis  factor  is  just  to  develop  should 
give  a  result  opposite  to  that  of  the  first  mentioned  experiment;  meta- 
morphosis of  the  skin  graft  should  be  accelerated  and  should  occur 
before  the  animal  from  which  the  graft  was  taken  would  metamorphose. 

In  order  to  use  this  method,  it  is  necessary  to  have  on  hand  larvae 
whose  age  varies  sufficiently  to  make  it  certain  that  with  a  younger 
animal  also,  an  earlier  stage  of  development  will  correspond,  which 
relation  according  to  a  well  known  experience  exists  in  Amphibians, 
only  if  the  individuals  differ  in  age  by  months.  Since  we  used  larvae 
whose  age  varied  only  by  a  few  days  we  had  to  modify  our  method. 
The  new  method  was  based  on  the  fact  that  in  a  lot  of  animals  hatched 
on  the  same  date,  the  rate  of  development  varies,  sometimes  to  the 
extent  of  seveial  months,  in  spite  of  apparently  the  same  treatment. 
It  was  hoped  then,  that  of  two  individuals  chosen  at  random,  one 
might  develop  more  rapidly  than  the  other;  by  increasing  the  number 
of  pairs  there  would  also  be  an  increase  in  such  pairs  whose  individu- 
als would  develop  unequally.     Thus  each  experiment  consisted  of  two 
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animals,  X  and  Y  (text  fig.  a),  to  each  of  them  one  of  the  two  eyes 
of  a  third  animal  A  and  the  skin  of  the  corresponding  half  of  the 
head  (if  animal  A  was  grafted.  If  left  with  animal  A  the  skin  of 
both  halves  of  the  head  would  have  metamorphosed  at  the  same  time; 
namely:  at  the  time  when  the  factors  necessary  for  the  metamorpho- 
sis of  the  skin  after  they  have  developed  in  the  body  of  animal  A, 
and  have  been  carried  into  the  skin,  have  acted  in  the  skin  a  sufficient 
length  of  time  to  cause  the  physiological  changes  necessary  to  pro- 
duce the  morphological  changes  of  the  skin  described  in  the  preceding 
chapter.  But  removed  from  the  animal  A  and  separated  from  each 
other — one  half  having  been  grafted  to  X,  the  other  half  to  animal 
Y — they  would  not  metamorphose  simultaneously  with  each  other 
but  simultaneously  with  their  respective  new  hosts  and  hence  at  dif- 

A 


Text  Figure  a. 

ferent  times;  provided  of  course,  that  metamorphosis  of  the  skin 
followed  the  principles  observed  in  the  metamorphosis  of  the  Am- 
phibian eye  and  gills. 

To  use  the  skin  of  the  head  for  grafting  offers  a  special  advantage. 
As  pointed  out  in  Chapter  II,  in  studying  metamorphosis  of  the  skin 
of  Amblystoma  punctatum  we  must  choose  some  definite  character- 
istic of  the  skin.  For  certain  reasons  explained  in  Chapter  II  the 
appearance  of  the  yellow  spots  was  found  to  be  the  most  convenient 
time-mark.  In  the  larvae,  however,  where  of  course  no  spots  are 
developed  yet,  it  is  impossible  to  foresee  on  what  parts  of  the  skin 
of  the  body  such  spots  will  develop  and  as  the  distribution  of  the 
yellow  spots  is  subjected  to  great  variation  there  would  be  little 
chance  of  having  selected  for  grafting  a  piece  of  skin  that  would 
finally  develop  a  spot.  But  this  is  different  for  the  head,  as  in  the 
majority  of  animals  one  or  two  yellow  spots  will  develop  on  the  skin 
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above  both  sides  of  the  lateral  'os  occipitale.'  Among  83  individuals 
for  instance,  which  were  examined  in  this  respect,  only  16.9  per  cent 
did  not  have  any  spot  on  the  right  side  (only  this  side  was  counted) 
of  the  caudal  end  of  the  head,  while  83.1  per  cent  of  the  animals  had 
developed  one  or  more  spots.  Therefore,  if  the  skin  of  the  head  is 
used,  the  chance  of  obtaining  yellow  spots  in  the  graft  is  about  83 
per  cent  and  one  is  also  prepared  at  the  time  of  metamorphosis  to 
look  for  these  spots  on  the  rear  end  of  the  skin  graft,  provided  that 
the  skin  be  grafted  in  such  a  way  that  its  front  and  rear  correspond 
to  cranial  and  caudal  respectively  of  the  new  host.  In  the  experi- 
ments the  actual  number  of  grafts  which  developed  spots  on  the  rear 
end  was  much  smaller  than  83  per  cent,  the  reason  for  this  being  that 
when  the  grafts  were  taken  from  the  larvae,  they  did  not  always  in- 
clude the  area  where  the  spots  mentioned  above  are  located. 

The  technique  of  operation  was  exactly  the  same  used  in  former 
experiments  and  may  be  learned  from  previously  published  papers 
on  these  experiments.3  It  should  be  mentioned  however,  that  while 
front  and  rear  end  of  the  graft  ^vvere  left  unchanged,  each  piece  of 
skin  was  turned  upside  down  on  its  new  host,  as  can  be  seen  from  the 
sketch  in  figure  1.  In  the  first  six  experiments  the  animals  were 
kept  in  an  icebox  at  0°  to  3°C.  before  operation.  All  other  animals 
were  kept  in  a  dark  cool-room  at  a  temperature  of  14°  to  18°C.  before 
operation.  Immediately  after  operation  each  animal  was  placed  in 
a  petri  dish,  the  bottom  of  which  was  covered  with  moist  filter  paper 
and  a  thin  layer  of  water,  and  placed  in  a  dark  incubator  at  16°  to 
18°C.  for  about  twelve  to  sixteen  hours.  Then  each  one  was  put 
into  a  white  glass  jar  holding  about  2000  cc;  the  jars  were  filled  with 
tap  water  and  placed  in  a  dark  cool-room  at  an  average  temperature 
of  15°C.  where  the  animals  were  kept  permanently. 

When  the  animals  should  be  taken  out  of  the  water  they  show  a 
rather  definite  and  uniform  behavior.  First  they  come  to  the  sur- 
face of  the  water  in  order  to  change  the  air  contained  in  the  Lungs; 
soon  after  this  they  begin  to  float  permanently  on  top  of  the  wat el- 
and do  not  take  food  for  several  days.     The  gills  and  fins  start  to 

3  E.  Uhlenhuth,  1912,  p.  735. 
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reduce  in  size  and  then  the  animals  suddenly  shed  their  skin  and  in 
the  short  space  of  a  day  or  over  night,  the  gills  are  reduced  to  mere 
small  filaments.  If  the  animals  are  not  removed  from  the  water  at  this 
moment  they  soon  become  stiff  from  asphyxiation,  but  may  recover 
if  taken  out  before  dead.  When  removed  from  the  water  each  ani- 
mal was  transferred  into  a  glass  jar  of  the  same  size  as  those  used  for 
the  larvae,  but  the  bottom  of  the  jars  was  covered  with  a  piece  of 
moist  filter  paper  and  a  small  amount  of  water.  The  jars  were  kept 
dosed  all  the  time  by  means  of  plate-glass.  In  the  following  text 
this  condition  will  be  called  'land-condition.'  This  equipment  was 
not  changed  until  the  beginning  of  1917,  when  the  filter  paper  was 
replaced  by  gravel. 

As  long  as  the  animals  were  larval  they  were  fed  on  Tubifex  thrown 
into  the  water.  After  metamorphosis  earthworms  were  fed.  Though 
most  of  the  animals  after  they  had  been  metamorphosed  commenced 
to  take  readily  pieces  of  earthworms  from  a  pair  of  forceps,  they  later 
on  stopped  doing  this  after  they  had  been  neglected  for  some  time 
and  had  to  be  fed  forcibly  by  stuffing  the  pieces  into  their  mouths. 
1 1  appeared  however,  that  this  method  of  artificial  feeding  was  not 
satisfactory  and  many  of  the  animals  were  lost.  It  should  be  men- 
tioned that  by  feeding  the  animals  regularly  they  easily  learn  to 
take  even  whole  earthworms  from  the  forceps  and  there  is  no  difficulty 
in  raising  Salamanders  to  full  size  in  this  way  as  we  have  experienced 
in  other  experiments. 

Forty-six  larvae  of  Amblystoma  punctatum  were  operated  upon  in 
the  manner  described  above,  an  odd  number  and  the  consecutive 
even  number  making  one  pair  X  and  Y,  each  of  which  carried  on  one 
of  its  shoulders  a  piece  of  skin  and  one  eye  taken  from  the  head  of  a 
third  animal  A  (fig.  1).  The  animals  used  for  these  experiments 
hatched  between  the  3rd  and  8th  of  May,  1916,  from  eggs  collected 
by  Mr.  R.  Deckert  of  Bronx  Park  in  swamps  near  White  Plains,  N.Y., 
during  the  spring  of  1916.  All  three  individuals  of  one  pair  (A,'X, 
and  Y )  were  usually  hatched  on  the  same  day.  Whether  or  not  their 
i  >ri^in  was  from  the  same  mother  was  not  noted.  The  operations  were 
performed  from  the  6th  to  the  22d  of  July,  1916.  The  results  of 
this  series  (Series  XXV)  are  described  in  the  following  pages. 
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2.  The  Results. 

a.  The  Metamorphosis  of  the  Skin  Grafts. — Not  all  23  pairs  gave 
conclusive  results,  as  was  to  be  expected  from  the  character  of  the 
experiments.  In  six  pairs  one  of  the  two  individuals  died  before 
metamorphosis;  in  six  other  pairs  the  development  of  those  charac- 
teristics used  as  indicators  of  metamorphosis  showed  some  irregu- 
larities which  prevented  final  conclusive  results.  In  the  remaining 
eleven  pairs  the  result  was  conclusive.  According  to  this  the  experi- 
ments may  be  divided  into  three  groups. 

1.  In  six  pairs  one  animal  died  a  short  time  after  the  operation, 
the  remaining  animal  was  nevertheless  watched  and  it  was  observed 
that  with  one  exception  (experiment  13)  where  no  result  was  reached 
at  all,  the  development  of  the  graft  proceeded  simultaneously  with 
the  development  of  the  host. 

In  experiment  1  the  animal  was  set  on  land-condition  on  Septem- 
ber 1,  1916  ;4  the  first  greenish  spot  on  skin  graft  appeared  on  Sep- 
tember 2 ;  the  network  of  the  host  was  separated  into  greenish  spots 
on  September  5.  In  host  and  graft  the  spots  assumed  more  definite 
outlines  on  September  18  and  turned  yellowish  on  October  2;  on 
October  3,  host  and  graft  appeared  cinnamon  after  having  become 
gradually  darker  and  darker.  Both  were  still  darker  on  October  31; 
no  further  examination  could  be  made  as  the  animal  died. 

In  experiment  3,  host  and  graft  both  turned  gradually  darker  and 
darker  until  the  animal  was  set  on  land-condition  on  September  7. 
On  September  9,  host  and  graft  had  developed  green  spots. 

In  experiment  6  the  yellow  network  of  the  host  had  formed  on 
September  11,  while  on  graft  no  network  ever  was  developed.  The 
animal  was  set  on  land-condition  on  September  23  and  October  9 
the  network  of  the  host  had  separated  into  greenish  spots  and  simul- 
taneously on  graft  two  yellowish  spots  had  come  out. 

*  All  observations  and  notes  from  the  end  of  July  to  October  2  were  made  by 
Mr.  N.  Anderson  with  the  aid  of  a  detailed  plan  given  to  him  for  this  purpose. 
All  observations  and  notes  previous  and  subsequent  to  this  period  were  made  by 
the  author  himself.  On  October  3  the  results  found  at  this  time  were  compared 
with  Mr.  Anderson's  notes  and  were  found  to  be  in  accordance  with  them. 
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In  experiment  7  the  yellow  network  of  the  host  appeared  on  August 
2<S,  while  on  graft  there  was  never  any  network  formed.  On  August 
30  the  network  of  the  host  was  already  separated  into  greenish 
and  yellowish  spots  and  on  graft,  5  small  spots  had  formed;  the  ani- 
mal was  transferred  to  land-condition  the  same  day.  On  September 
5  host  and  graft  were  already  very  dark  and  cleared  up  gradually 
until  they  were  finally  black  and  their  spots  bright  yellow. 

In  experiment  13  the  host  was  one  of  those  animals  which  for  some 
reason  do  not  develop  any  spots  at  all  on  the  back  or  form  only  after 
a  long  time  a  few  faint  and  small  greenish  spots,  consisting  of  very 
loose,  tiny  greenish  or  yellowish  pigment  dots.  For  this  reason  this 
experiment  appears  to  be  of  very  little  value  in  connection  with  the 
problem  of  metamorphosis.  Since  we  will  have  to  come  back  to  this 
experiment  when  other  problems  will  be  at  issue,  it  may  be  briefly 
outlined  here. 

On  August  28  the  graft  had  developed  two  light  yellow  spots,  while 
the  host  showed  only  a  very  faint  greenish  pigmentation  spread  over 
the  yellow  brown  background.  After  the  animal  was  set  on  land-condi- 
tion (September  1),  host  and  graft  turned  darker  and  darker,  but  while 
the  graft  still  had  two  large  greenish  spots,  the  host  had  remained  in 
the  network  stage  and  its  network  was  of  such  a  faint  and  indefinite 
character  that  it  could  not  be  traced  exactly  nor  ascertained  whether 
or  not  it  was  isolated.  The  spots  of  the  graft  turned  bright  yellow 
on  September  11  while  on  the  host's  body  the  first  greenish  spots 
were  not  recognized  before  September  18  and  did  not  become  distinct 
before  September  23  (three  weeks  after  the  animal  had  left  the  water). 
The  body  of  the  host  never  developed  more  than  a  few  small  greenish 
dotted  spots,  but  turned  black  simultaneously  with  the  graft,  whose 
spot  finally  disappeared. 

In  experiment  18  host  and  graft  had  become  quite  dark  yellow 
brown  on  August  28  and  on  this  day  both  had  developed  greenish 
spots.  After  the  animal  was  set  on  land-condition  (September  1) 
host  and  graft  turned  continuously  darker  and  their  spots  grew  more 
yellow.  Finally,  when  the  spots  of  the  host  began  to  brighten  up  the 
graft  lost  its  spot,  but  its  background  changed  simultaneously  with 
the  host  into  a  clear  black. 
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Though  in  five  of  these  experiments — the  sixth  will  be  referred  to 
later — the  graft  metamorphosed  simultaneously  with  the  host,  the 
result  is  of  course,  not  conclusive,  as  none  of  these  grafts  was  con- 
trolled by  the  other  animal  of  the  pair,  which  carried  the  other  half 
of  the  skin  of  the  head  of  animal  A;  it  could  therefore  be  possible  that 
the  animal  A  from  which  the  grafts  were  taken  would  have  meta- 
morphosed— if  living — at  the  same  time  as  the  respective  new  hosts. 
Hence  the  time  of  metamorphosis  in  the  grafts  might  have  been  de- 
termined by  the  animals  from  which  the  grafts  were  taken  and  not 
by  the  new  hosts.  On  the  other  hand,  the  results  obtained  by  these 
experiments  are  not  contradictory  to  the  idea  that  metamorphosis  of 
the  grafted  organs  is  governed  by  the  body  of  the  host  and  might  be 
even  explained  on  the  basis  of  this  rule  in  case  a  number  of  other 
conclusive  experiments  could  be  shown  to  prove  the  existence  of  such 
a  rule. 

2.  In  6  pairs  (experiments  15  and  16,  19  and  20,  23  and  24,  29  and 
30,  35  and  36,  37  and  38)  both  animals  lived  long  enough  to  meta- 
morphose, but  the  results  were  not  conclusive  for  some  other  reasons. 
In  some  of  them  either  the  graft  or  the  host  did  not  develop  spots, 
while  in  others  both  hosts  metamorphosed  at  the  same  time,  and  still 
in  some  other  experiments  the  observations  made  during  the  devel- 
opment of  the  skin  were  not  complete  enough. 

In  pair  15  and  16  the  graft  of  experiment  15  did  not  develop  either 
network  or  spots;  nevertheless  it  developed  simultaneously  with  the 
host  as  indicated  by  the  notes  on  the  changes  of  the  background,  and 
after  metamorphosis  cleared  up  into  black  at  the  same  time  that  the 
host's  skin  did.  In  experiment  16  the  notes  on  the  development  of 
network  and  spots  are  incomplete  and  as  the  animal  died  soon  after 
being  set  on  land-condition  it  was  not  possible  to  watch  the  process 
of  clearing  up. 

In  the  pair  19  and  20  the  grafts  of  both  animals  did  not  develop 
spots  and  also  did  not  show  any  network,  but  in  both  animals  the 
changes  of  the  background  progressed  simultaneously.  When  the 
animals  died  (September  19)  they  were  preserved  in  formalin;  from 
the  formalin  specimens  it  can  still  be  seen  that  in  both  animals  graft 
and  host  are  at  the  same  stage  of  development.  Unfortunately,  as 
both  hosts  had  developed  at  the  same  rate,  this  pair  does  not  permit 
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of  any  conclusions  concerning  the  determination  of  the  metamorphosis 
of  the  grafts. 

In  pair  23  and  24  both  grafts  were  spotless  pieces  of  skin.  They 
nevertheless  developed  a  network;  but  as  both  animals  X  and  Y 
formed  their  network  at  the  same  time  the  grafts  also  developing 
simultaneously  with  their  respective  hosts,  also  formed  the  network 
at  the  same  time  and  there  was  no  way  of  knowing  whether  the  forma- 
t  ion  of  the  network  was  determined  by  the  hosts  X  and  Y  or  by  the 
animal  A  from  which  both  grafts  were  taken.  In  experiment  23  the 
graft  developed  a  little  spot  underneath  the  eye  just  at  the  same  time 
that  the  host's  network  separated  into  yellowish  green  spots.  This  lit- 
tle spot  soon  disappeared.  In  experiment  24  however,  no  spots  de- 
veloped at  all  except  a  faint  little  patch  of  tiny  pigment  dots  believed 
to  be  seen  for  only  two  days  on  the  hind  corner  of  the  graft,  about  1 
month  after  the  host's  network  had  separated  into  spots.  It  is  how- 
ever impossible  to  draw  any  conclusions  from  these  2  experiments. 

In  experiments  29  and  30  the  graft  of  animal  X  (experiment  29) 
never  developed  any  spots,  while  the  graft  of  animal  Y  never  formed 
a  network;  so  there  was  no  way  of  comparing  the  two  experiments 
with  each  other.  It  may  be  mentioned  however,  that  in  experiment 
29  the  network  of  the  host  appeared  simultaneously  with  that  of  the 
graft  (August  14)  and  that  in  experiment  30  host  and  graft  formed 
their  spots  at  the  same  time. 

In  the  pair  35-36,  network  and  spots  of  host  and  graft  were  formed 
simultaneously  in  experiment  35,  but  the  graft  of  experiment  36  was  a 
piece  of  skin  which  did  not  develop  spots;  the  notes  about  the  forma- 
tion of  the  network  of  experiment  36  are  incomplete. 

In  experiment  37  where  the  spots  of  host  and  graft  formed  simul- 
taneously, the  notes  about  the  network  are  missing,  while  in  experi- 
ment 38,  where  the  network  was  formed  simultaneously  in  host  and 
graft,  the  latter  never  developed  any  spots,  thus  making  comparison 
impossible. 

These  12  experiments  do  not  permit  of  any  conclusions  as  to  whether 
i  he  metamorphosis  of  the  skin  actually  is  determined  by  the  body  of 
the  host,  neither  do  they  prove  anything  to  the  contrary. 

3.  Twenty  of  the  remaining  experiments  forming  ten  pairs  were 
90  complete  as  to  correspond  in  every  respect  to  the  plan  designed 
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before  the  experiments  were  started  and  as  will  be  found,  these  ex- 
periments actually  support  the  idea  that  was  outlined  in  the  first 
pages  of  this  article.  The  eleventh  pair  should  rather  have  been 
placed  in  the  second  group  but  for  some  reasons,  which  will  be  under- 
stood later  on  it  was  deemed  to  be  convenient  to  describe  the  experi- 
ments 11-12  under  this  group. 


August 
August 

7 
14 

August 
August 

14 
30 

September 

2 

December 

14 

EXPERIMENT   21 


Host  and  graft  even  light  brown 
Host  and  graft  have  developed  a 

greenish  network 
Land-condition 


On  host  network  separated  into 
dull  yellow  spots;  on  graft  3 
very  bright  and  large  yellow 
spots  have  developed 

Host  and  graft  have  become  black 
step  by  step.  Only  1  spot  has 
remained  on  graft,  which  still  is 
far  brighter  than  any  of  the 
spots  of  the  host;  it  is  almost 
orange  yellow,  while  the  spots 
of  host  are  light  yellow.  The 
graft's  spot  is  3  times  as  large 
as  any  of  the  spots  of  the  host 


EXPERIMENT  22 


Host  and  graft  even  light  brown 
Host  and  graft  have  developed  a 

greenish  yellow  network 
Land-condition 
On  host  network  separated  into 

dark   green   spots;   on   graft   3 

yellow  spots  have  formed,  2  of 

which  are  very  bright 


Host  and  graft  have  become 
black  step  by  step.  Only  2 
spots  have  remained  on  graft,  1 
of  which  is  twice  as  large  as  any 
of  the  spots  of  the  host.  Both 
are  still  much  brighter  than  the 
spots  of  the  host  and  almost 
orange  yellow,  while  the  spots 
of  the  host  are  light  yellow. 
But  there  is  1  spot  in  front  of 
the  graft  on  the  head  of  the  host 
which  is  as  bright  as  the  spots 
of  the  graft  and  of  the  same 
color  as  these  spots 


For  each  pair  a  brief  abstract  from  the  records  collected  in  the 
progress  of  the  work  is  given  here. 

In  experiments  21-22.  the  hosts  developed  in  the  beginning  at 
the  same  rate,  and  so  did  the  grafts.  Later  on  experiment  22  got 
somewhat  ahead  and  developed  the  spots  three  days  before  experiment 
21  and  consequently  the  graft  of  experiment  22  also  developed  its 
spots  three  days  before  the  graft  of  21  did,  though  both  grafts  were 
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taken  from  the  same  animal.  We  must  admit,  however,  that  not  too 
much  weight  can  be  laid  upon  this  result;  in  the  first  place  the  ani- 
mals were  examined  only  twice  a  week  and  the  appearance  of  the 
spots  on  the  graft  of  experiment  21  might  have  been  reported  three 
days  later  than  they  actually  formed;  in  this  case  the  spots  would 
have  formed  simultaneously  with  the  spots  of  the  other  graft.  Sec- 
ondly it  takes  several  days  as  a  rule  for  the  spots  everywhere  on  the 
head  and  body  to  become  isolated,  so  that  some  may  appear  isolated 
a  few  days  earlier  than  others  even  in  the  same  animal;  in  this  case 
the  difference  between  the  grafts  might  have  been  caused  not  by  their 
hosts  but  by  the  animal  A  to  which  they  both  originally  belong. 


DATE 

EXPERIMENT   41 

EXPERIMENT  42 

August          7 

Host  and  graft  even  yellow  brown 

Host  and  graft  even  yellow  brown 

September    5 

Host  and  graft  have  developed  the 

Host   and   graft   have   developed 

greenish  network 

the  network 

September    9 

Land-condition 

September  11 

Host  and  graft  becoming  darker; 
in    both    network   has   isolated 
into  large  irregular  green  spots 

September  16 

Host's    network    separated    into 
spots  in  several  places;  on  graft 
2  greenish  spots  are  formed 

In  both  grafts  the  spots  from  the  very  beginning  of  their  appear- 
ance were  much  brighter  than  the  spots  of  the  host;  this  however,  is 
in  no  way  due  to  a  difference  between  the  rate  of  development  of  host 
and  graft  but  must  be  explained  on  the  ground  of  a  specific  difference 
existing  between  the  spots  of  animal  A  from  which  both  grafts  were 
taken  and  the  spots  of  the  animals  X  and  Y;  only  this  assumption 
can  explain  the  fact,  that  the  same  characteristics  appeared  in  both 
grafts  alike  and  were  retained  permanently,  since  the  spots  were  even 
more  unlike  the  host's  spots  after  the  animal  was  fully  metamorphosed 
(figs.  7  and  8).  We  shall  return  later  to  this  phenomenon.  It  is 
more  difficult  to  understand  the  origin  of  the  orange  yellow  spot  in 
front  of  the  graft  of  experiment  22,  as  the  history  of  this  spot  is 
missing.  Hut  it  seems  certain  that  this  spot  either  belonged  to  the 
graft  or  was  formed  at  least  under  its  influence  and  with  the  aid  of 
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the  graft's  yellow  chromatophores.  In  favor  of  the  suggested  origin 
of  this  spot  is  the  fact  that  among  a  very  large  number  of  metamor- 
phosed animals  which  did  not  have  pieces  of  skin  grafted  from  other 


DATE 

EXPERIMENT   25 

EXPERIMENT   26 

August 

7 

The  first  traces  of  a  light  yellow- 
ish green  network  have  ap- 
peared on  host  and  graft 

August 

14 

Host  and  graft  show  first  traces  of 
a  green  network 

August 

22 

On  the  host  the  network  assumes 
a  more  distinct  character,  while 
in  graft  it  has  become  less  con- 
spicuous 

September 

5 

In  the  host  network  has  started 
to  separate  into  yellow  spots, 
while  in  graft  only  a  faint  trace 
of  network  is  left  and  no  spots 
are  formed 

September 

8 

Land-condition 

September 

9 

Host  and  graft  cinnamon 

September 

11 

The  network  of  the  host  has  dif- 
ferentiated distinctly  from  the 
brown  background  and  has  as- 
sumed a  yellowish  green  color. 
On  the  graft  network  has  spread 
its  grayish  green  pigmentation 
and  left  only  2  brown  lines  of 
the  background  uncovered 

September 

15 

Land-condition 

September 

25 

On  host  network  has  started  to 
separate  into  large  green  spots, 
on  graft  1  spot  has  formed  in 
hind-corner 

September  28 

Host  and  graft  cinnamon 

October 

7 

Host  and  graft  dark  cinnamon 

Host  and  graft  very  dark  cinna- 
mon 

individuals,  such  a  wide  and  very  distinct  difference  in  the  color  of 
the  spots  was  never  observed. 

In  experiments  41-42,  the  grafts  developed  their  network  simul- 
taneously with  each  other,  as  also  did  the  hosts,  but  the  host  and 
graft  of  experiment  41  developed  spots  five  days  earlier  than  host 
and  graft  of  experiment  42. 
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August        14 
August        28 


September  13 
S.  ptember  14 

Scpti-mber  17 
September  23 


EXPERIMENT   31 


Host  and  graft  show  the  first  ap- 
pearance of  a  greenish  network 


Land-condition 

On  host  large  irregular  green  spots 
have  formed  from  the  network;, 
on  graft  1  large  greenish  spot 
has  developed  right  behind  eye 


EXPERIMENT   32 


On  host  and  graft  a  grayish  net- 
work begins  to  appear;  on  host 
it  is  more  of  a  greenish  shade 

Land-condition 

On  host  and  graft  yellow  spots 
have  separated  from  network 


In  experiments  25-26,  the  development  of  the  network  on  the 
grafts  occurred  simultaneously  with  their  respective  hosts,  but  not 
simultaneously  with  each  other.  Hence  just  the  opposite  occurred 
of  what  would  be  expected  if  the  rate  of  development  of  the  grafts 
were  determined  by  animal  A,  to  which  both  grafts  originally  be- 
longed. In  experiment  26  the  first  trace  of  the  network  appeared 
seven  days  earlier  than  in  experiment  25.  In  experiment  26  the 
graft  developed  all  other  characteristics  at  the  same  rate  as  its  host; 
in  experiment  25  the  graft  was  a  spotless  piece  of  skin  and  cannot 
be  compared  further  with  the  host  with  regard  to  spot  development, 
but  its  background  changed  simultaneously  with  the  host. 

In  experiments  31  and  32  the  network  as  well  as  the  spots  in  both 
grafts  developed  simultaneously  with  their  respective  hosts,  but  not 
simultaneously  with  each  other.  In  experiment  31  the  network  of 
the  host  and  graft  was  formed  fourteen  days  earlier  than  in  host  and 


DATE 

EXPERIMENT    9 

EXPERIMENT    10 

August        28 

First   yellow  spots    appearing  on 
host's  skin  and  1  on  rear  end  of 

graft 

\ll'-,'USt             31 

Land-condition 

September    7 

Green  spots  appear  on  host  and 
graft 

September    9 

Land-condition 
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graft  of  experiment  32,  while  the  spots  separated  nine  days  later 
than  in  experiment  32.  This  result  can  be  understood  if  we  assume 
that  the  development  of  network  and  spots  of  the  grafted  skin  was 
determined  by  the  new  hosts. 

In  experiments  9-10,  no  notes  were  made  on  the  development  of 
the  network.  The  spots  of  host  and  graft  developed  ten  days  earlier 
in  experiment  10  than  in  experiment  9. 


DATE 

EXPERIMENT   39 

EXPERIMENT  40 

August 

14 

On  host  and  graft  first  traces  of 
greenish    network   have   devel- 
oped 

August 

28 

On  host  and  graft  first  traces  of  a 
greenish  network  appear 

August 

30 

On     host     first    greenish     spots 
have    isolated    from    network. 
On  graft  only  in  center  a  part 
of   the   greenish   network  still 
present 

August 

30 

Land-condition 

September 

6 

On  host  network  everywhere  sep- 
arated into  large  irregular  green 
spots.     In  graft  network  disap- 
peared, no  spots  developed 

September 

11 

It  is  only  now  that  the  green  net- 
work of  the  host  and  graft  ha.^ 
become  distinct 

September 

15 

Land-condition 

September 

23 

On  host  and  graft  network  sep- 
arated into  irregular  greenish 
spots 

December 

21 

Host's  spots  almost  orange-yel- 

Host's spots  almost    orange  yel- 

low, graft  has  no  spots 

low;  graft  with  2  light  yellow 
spots 

In  experiments  39-40,  the  network  of  the  grafts  again  developed 
as  if  the  rate  of  development  would  be  determined  by  the  respective 
hosts.  In  graft  and  host  of  experiment  39  it  appeared  fourteen  days 
earlier  then  in  experiment  40,  and  in  experiment  40  it  became  dis- 
tinct twelve  days  after  the  isolation  into  spots  had  started  in  experi- 
ment 39.  The  development  of  the  spots  of  experiment  40  occurred 
simultaneously  in  host  and  graft;  in  experiment  39  the  graft  was  a 
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spotless  piece  of  skin  and  comparison  of  the  development  of  the 
spots  was  impossible. 

This  case  is  perfectly  clear  as  to  network  development.  It  developed 
simultaneously  in  each  graft  and  its  host,  but  twenty-one  days  earlier 
in  graft  and  host  of  experiment  46  than  in  graft  and  host  of  experi- 
ment 45.     The  development  of  the  spots  however,  seems  confused  at 


DATE 

EXPERIMENT  45 

EXPERIMENT   46 

August          7 

On  host  and  graft  greenish  net- 
work has  developed 

August        28 

Host   and   graft   have   formed   a 
greenish  network 

September  12 

Land-condition 

Land-condition 

September  14 

Host's  network  has  isolated  into 
green  spots;  in  graft  yellow  pig- 
ment dots,  chiefly  in  center, 
have  developed,  but  no  large 
spots 

September  21 

Network    of    the    host    has    not 
separated    yet,    but    forms    a 
greenish   rather   faint   pattern, 
while  in  graft  1  yellow  spot  has 
formed  in  the  rear  end 

October        4 

Host's  spots  appeared  today 

October      31 

Spots  of  the  host  bright  yellow; 
graft  spotless 

December  26 

On  the  body  of  the  host   (right 
side)  there  are  only  3  small  and 
faint  light  yellow  dotted  spots, 
while  the  spot  of  the  graft  is 
very  bright  and  almost  orange 

yellow 

the  first  glance  in  both  experiments.  In  experiment  45  the  host 
developed  its  spots  11  days  after  the  spots  of  the  graft  had  developed. 
We  have  already  mentioned  a  similar  case  (experiment  13)  and  we 
will  find  a  few  more  animals  acting  similarly.  All  individuals  which 
developed  their  spots  after  the  graft  had  developed  them,  showed  one 
common  characteristic  when  they  were  fully  metamorphosed:  they 
were  almost  bare  of  yellow  pigment.  The  host  of  experiment  45  for 
instance,  developed  only  very  small  and  faint  spots  which  lacked  the 
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usual  compactness  of  the  spots  and  gave  only  the  impression  of  an 
accumulation  of  little  yellow  dots  on  the  black  background.  As  their 
number  (on  the  right  side)  was  only  3  (fig.  9),  the  animal  appeared 
almost  uniformly  black.  We  believe  therefore  that  in  this  case  a 
factor  whose  nature  will  be  explained  later  on,  interfered  with  the 
metamorphosis  factor.  In  experiment  46  the  graft  did  not  develop 
any  real  spots,  but  only  a  few  small  dots  which  appeared  simultane- 
ously with  the  spots  of  the  host,  but  later  on  disappeared  entirely. 


DATE 

EXPERIMENT  43 

EXPERIMENT  44 

August        28 

On  host  and  graft  first  traces  of  a 
greenish  network  have  formed 

September    5 

On  host  a  greenish  yellow  network 
has  started  to  form,  on  graft  the 
network  consists  of  a  faint  grey- 
ish green  pigmentation 

September  11 

On  host  several  yellow  spots  have 
isolated,  in  graft  1  yellow  spot 
has  appeared 

September  13 

Land-condition 

September  30 

Land-condition 

October        4 

Host's    network    separated    into 
dim   yellowish   spots,   in   graft 
some  yellow  spots  are  develop- 
ing on  rear  end 

December  26 

Host   with   bright   yellow    spots; 

Host    with    large    yellow    spots; 

graft  has  lost  all  its  spots 

graft  has  lost  its  spot 

In  this  case,  however,  it  was  impossible  to  decide  whether  or  not  this 
was  due  to  the  graft  being  a  spotless  piece  of  skin  as  this  graft  soon 
after  metamorphosis  assumed  a  pathological  appearance;  it  became 
grayish  and  edematous  and  was  gradually  replaced  by  the  surround- 
ing skin  of  the  host.  Therefore  the  development  of  the  spots  in 
none  of  the  experiments  of  this  pair  can  be  used  in  studying  the  prob- 
lems of  metamorphosis. 

In  experiments  43-44,  the  grafts  developed  the  network  independ- 
ently from  each  other  and  simultaneously  with  their  respective  hosts, 
43  forming  the  network  of  host  and  graft  eight  days  before  host  and 
graft  of  44.  Both  grafts  finally  became  spotless,  since  the  spots 
developed  in  the  beginning  disappeared  later  on.     But  these  tem- 
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porary  spots  were  developed  in  both  grafts  at  the  same  time  as 
the  spots  of  the  respective  hosts,  in  experiment  43,  twenty-three  days 
later  than  in  experiment  44. 


DATE 

EXPERIMENT    27 

EXPERIMENT  28 

July 

31 

On  host  and  graft  a  grayish  green 
network  has  started  to  form 

August 

28 

On  the  host  a  greenish  network 
has    started     to    develop;    on 
graft  a  faint  green  network  also 
is  forming 

August 

30 

The  network  of  the  host  has  sepa- 
rated into  bright  yellow  spots 
and  from   the  network  of  the 
graft  patches  of  yellow  pigment 
dots  have  developed  in  the  cen- 
ter of  the  graft,  which  are  less 
bright  than  the  spots  of  the  host 

August 

30 

Land-condition 

September 

5 

Land-condition 

September 

9 

In  host  there  are  no  spots,  only  a 
network  like  greenish  pigmen- 
tation while  in  the  graft  only  a 
part  of  the  network  is  left  and 
in  the  center  2  distinct  yellow 
spots  have  formed 

September 

14 

In  host  the  network  is  still  present 
but  several  yellow  spots  around 
the  skin-graft  have  finally  de- 
veloped 

October 

7 

Host's    spots    still    dim    yellow, 
graft's  spots  disappeared 

October 

12 

Animal  escaped 

December 

18 

Host's  body  almost  without  spots, 
since  only  3  light  yellow  spots 
near  the  shoulder  of  right  side 
and  a  few  around  the  grafted 
skin  of  the  left  side  have  devel- 
oped. 

Experiments  27-28  are  perfectly  conclusive  in  regard  to  the  devel- 
opment of  the  network,  which  was  formed  by  both  grafts  simul- 
taneously with  their  respective  hosts,  but  appeared  in  host  and  graft 
of  -1:.  twenty-eighl  days  later  than  in  host  and  graft  of  28.     Concern- 
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ing  the  development  of  the  spots  we  find  that  the  graft  of  27  finally 
became  spotless,  but  developed  during  metamorphosis  a  few  tem- 


September    5 


September    8 
September    9 


September  11 

September  13 

September  20 

September  22 
September  23 

December   13 


EXPERIMENT    1  1 


On  graft  2  pale  spots  are  devel- 
oped. On  host  there  are  no 
spots  as  the  network  has  not 
yet  separated 


On  graft  2  more  spots  have  devel- 
oped. On  host  very  faint  and 
fine  yellow  pigment  dots  appear 
occasionally 

Land-condition 


On  the  host  several  faint  spots  can 

just  be  traced 
The  spot  of  the  graft  appears  very 

bright  compared  with  the  spots 

of  the  host 
Host  only  with  a  few  pale,  very 

small    dotted    greenish     spots, 

graft  with  1  very  bright,  almost 

orange  yellow  spot 


EXPERIMENT    12 


In  graft  and  host  the  network  is 
formed 


Land-condition 

The    network    of    the    graft   has 

separated  into  2  yellow  spots. 

the  network  of  the  host  has  not 

yet  separated 


Host's    network    separated    into 

faint   green  spots;  graft's  spots 

bright  yellow 
In  front  of  the  grafted  eye  1  bright 

yellow  spot  has  developed  on 

the  graft 


Host  only  with  a  few  pale,  very 
small  dotted  greenish  spots 
(none  on  head  and  only  1  on 
right  side  of  body).  Graft 
with  2  pale  dotted  spots  and  2 
very  bright,  almost  orange  yel- 
low spots,  1  of  which  in  front  of 
eye,  cannot  be  determined  now 
as  lying  on  the  graft,  because 
the  graft's  borders  have  disap- 
peared but  its  history  shows 
that  it  developed  on  the  graft 


porary  spots  simultaneously  with  the  host.  In  experiment  28  we 
have  before  us  a  case  which  is  similar  to  that  of  experiments  13  and  45. 
The  network  of  the  host  did  not  separate  when  the  network  of  the 
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graft  loosened  up  into  spots,  but  needed  five  days  longer  for  this  proc- 
iid  even  then  had  not  entirely  disappeared.  When  the  animal 
had  completed  metamorphosis  it  turned  out  to  be  again  one  of  those 
individuals  whose  skin  is  almost  lacking  in  yellow  pigment;  only  a 
few  light  spots  had  formed  on  each  shoulder  (fig.  10).  This  case  will 
be  discussed  together  with  experiments  13  and  45  later  on. 

In  experiments  11-12  we  have  a  case  similar  to  experiment  28 
which  will  demonstrate  particularly  well  the  difference  between  the 
factor  that  is  concerned  in  this  kind  of  delayed  development  of  the 
yellow  spots  and  the  factor  which  is  involved  in  metamorphosis,  for 
in  this  case  both  hosts  were  of  this  almost  spotless  variety  and  both 
behaved  towards  the  grafts  in  a  similar  way.  In  addition  to  this, 
the  grafts  were  taken  from  an  animal  whose  spots  were  characterized 
by  a  particularly  vivid  and  almost  orange  yellow  coloration  as  shown 
by  the  fact  that  both  grafts  showed  this  feature  in  the  same  way. 
Since  both  characteristics  are  permanent  even  after  metamorphosis 
(figs.  11  and  12)  they  apparently  must  be  parts  of  the  specific  indi- 
viduality of  the  adult  animal,  which  of  course,  cannot  be  changed  by 
the  action  of  the  metamorphosis  factor,  but  on  the  contrary  should  be 
developed  by  this  factor. 

In  the  experiments  mentioned  until  now  the  difference  between  the 
rate  of  development  of  the  two  grafts  was  rather  slight,  ranging 
from  seven  to  twenty-eight  days  in  regard  to  the  network  and  from 
three  to  twenty-three  days  in  regard  to  the  spots.  This  was  ap- 
parently due  to  the  fact  that  the  respective  hosts  did  not  show  any 
greater  differences.  The  last  pair  of  experiments,  however,  will  prove 
that  the  difference  between  the  rate  of  the  grafts  increases  in  exactly 
the  same  way  as  the  difference  between  the  rate  of  development  of 
the  respective  hosts  increases  and  that  one  graft  may  metamorphose 
very  much  earlier  than  the  other  one  as  soon  as  one  succeeds  in  ac- 
celerating metamorphosis  of  one  of  the  hosts  and  in  delaying  meta- 
morphosis of  the  other  host  a  considerable  length  of  time. 

In  this  pair  of  experiments  one  animal  (experiment  34)  did  not 
metamorphose  at  all,  though  it  was  kept  under  apparently  exactly 
the  same  conditions  as  experiment  33  and  as  all  other  specimens  de- 
scribed until  now.  On  January  10  it  was  subjected  to  another  opera- 
tion in  consequence  of  which  it  died;  at  this  time  the  animal  still  did 
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not  show  any  signs  of  metamorphosis  nor  did  its  skin  graft.  Host 
and  graft  were  of  an  even  coloration  and  no  spots  or  network  had 
developed.     Host  and  graft  of  experiment  34  were  in  larval  condition 


DATE 

EXPERIMENT   33 

EXPERIMENT   34 

July             19 

Operated 

Operated 

August          7 

On  host  and  graft  the  first  traces 
of  a  greenish  network  are  al- 
ready visible 

Host  and  graft  even  yellow  brown 

August        28 

On  host  and  graft  a  distinct  net- 
work has  developed 

September    8 

Land-condition 

September  11 

Host's    network    separated    into 
yellowish  green  spots;  on  graft 
2  large  yellow  spots  have  devel- 
oped which  are  brighter  than 
host's  spots 

September  25 

Spots  of  the  host  greenish  yellow; 
spots  of  the  graft  very  bright 
yellow 

October       10 

Photographed  and  painted  in  nat- 

Photographed and  painted  in  nat- 

ural size 

ural  size 

October       19 

Photographed  in  four  times  the 
natural  size  and  painted 

1917 

January      10 

Host  and  graft  still  even  yellow 
brown  (no  network  or  spots), 
both  being  in  larval  condition 

January       10 

Dead  (killed  by  a  second  opera- 
tion) 
Preserved  in  formalin 

January      30 

Dead  (preserved  in  formalin) 

February     18 

Photograph  of  October  10  enlarged 
and  painted  with  the  aid  of  the 
notes,    the    formalin    specimen 
and  some  living  animals,  which 
were  similar  in  color  to  experi- 
ment 33 

five  months  after  the  other  graft — though  taken  from  the  same  animal 
A  as  the  graft  of  experiment  33 — and  its  host  had  developed  the  first 
traces  of  the  network  and  four  months  after  they  had  developed  their 
spots. 
This  will  be  illustrated  best  by  the  photographs  and  pictures  which 
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were  made  from  both  experiments.  Both  experiments  were  photo- 
graphed in  natural  size  on  October  10.  Text  figure  b  shows  experi- 
ment 33  fully  metamorphosed  and  the  spots  developed  all  over  the 


DATE 

EXPERIMENT   33 

EXPERIMENT   34 

September 

8 

Land-condition 

Larval-condition 

September 

29 

Today  the  grafted  eye  was  exam- 

Host's eyes  as  well  as  grafted  eye 

ined  for  the  first  time,  but  the 

still  possess  a  plain,  continuous 

eyes  of  the  host  were  not  exam- 

yellow ring 

ined.     The  yellow  ring  of  the 

grafted  eye  is  broken  up  into 

black  and  yellow  dots 

( (ctober 

17 

Today  the  eyes  of  the  host  were 

The  rings  of  all  three  eyes  are  free 

examined    also.     In    all    three 

from  any  black  pigment 

eyes,  the  two  eyes  of  the  host 

and  the  grafted  eye,  the  yellow 

ring  is  broken  up  into  yellow  dots 

Ihvember 

19 

In  the  iris  of  both  eyes  of  the  host 

The  inner  section  of  the  iris  of  the 

a  number  of  very  tiny  yellow 

grafted  eye  appears,  even  with 

dots  are  still  present,  while  the 

a    larger    magnification    of    a 

rest  of  the  iris  has  become  black. 

binocular  lupe  to  be  a  continu- 

In the  iris  of  the  grafted  eye  a 

ous  yellow   ring,   in   which   no 

small  number  of  yellow  dots  are 

melanophores  are  detected.  The 

still  present,  the  rest  of  the  iris 

outer  section  contains  a  large 

is  black 

number  of  yellow  chromato- 
phores,  which  are  darker  than 
the  other  yellow  chromato- 
phores  and  more  reddish,  and 
contains  several  parts  in  its 
course  which  are  made  up  by 
grayish-blue  cells.  Both  eyes 
of  the  host  are  in  exactly  the 
same  condition  as  the  grafted 
eye 

1917 

January 

10 

. 

All  three  eyes  still  in  the  same 
condition  as  when  last  noted 

January 

10 

Killed  by  a  second  operation 

body.  Behind  the  eye  four  spots  are  visible;  two  of  them,  lying  be- 
hind each  other  in  a  line  parallel  to  the  longitudinal  axis  of  the  body, 
are  only  highlights  produced  by  the  reflection  of  the  light  on  the  black 
shining  skin  of  the  animal.      The  other  two  lighter  spots  are  two  yel- 
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low  spots  belonging  to  the  graft.  Just  in  front  of  the  bulb  of  the 
grafted  eye  a  third  small  spot  is  situated  which  also  belongs  to  the 
graft.  All  these  spots  were  almost  orange  yellow,  thus  being  dis- 
tinctly different  from  the  spots  of  the  host;  the  two  spots  in  back  of 
the  grafted  eye  were  considerably  larger  than  any  of  the  spots  of  the 
host,  which  fact  is  well  shown  in  the  picture.  Text  figure  c  shows 
experiment  34  photographed  on  the  same  day  as  experiment  33. 
This  animal  was  still  larval  at  that  time,  as  the  gills  are  still  present 
and  no  yellow  spots  are  developed.  In  accordance  with  the  condi- 
tion of  the  host  the  graft,  whose  borders  can  be  only  partly  distin- 
guished in  this  photograph,  has  no  spots  also. 


Text  Figures  b  and  c. 


Nevertheless  these  photographs  were  not  considered  entirely  con- 
vincing since  they  lacked  detail,  in  addition  to  which  they  also  could 
not  demonstrate  the  rather  minute  details  of  the  eye  which  will  be 
needed  later.  Experiment  34  was  therefore  photographed  again  on 
October  19,  and  this  time  in  four  times  the  natural  size;  the  photo- 
graph was  then  painted  carefully.  This  is  shown  in  figure  13.  The 
borders  of  the  graft  can  now  be  seen  quite  distinctly,  the  graft  is  still 
the  even  color  of  a  larva  of  A.  punctatum,  but  is  slightly  darker  than 
the  host.  The  dark  patch  in  front  of  the  eye  corresponds  to  a  tumor- 
like elevation  of  the  grafted  skin  produced  probably  by  a  proliferation 
of  the  epithelial  cell,  such  as  is  often  found  in  examining  skin  grafts 
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of  Amphibians  on  microscopic  sections.  The  photograph  of  experi- 
ment 33  taken  on  October  10  was  enlarged  on  October  19  but  was 
not  painted  before  February  18,  1917  (fig.  14)  when  the  animal  was 
already  dead  and  preserved  in  formalin.  In  the  period  from  October 
10,  1916,  to  [anuary  30, 1917  (the  date  the  animal  died)  the  two  spots 
of  the  graft  in  back  of  the  eye  and  particularly  the  spot  in  front  of 
the  eve.  increased  somewhat  in  size;  the  size  of  these  spots  in  figure  14 
corresponds  to  their  size  on  January  30,  1917,  as  they  were  drawn 
from  the  preserved  specimen.  The  picture  (fig.  14)  shows  also  that 
besides  the  difference  in  size  there  is  a  considerable  difference  in  the 
eolor  of  the  graft 's  and  host's  spots.  When  the  picture  was  made  the 
colors  were  painted  according  to  the  notes  made  during  the  observa- 
tions of  the  living  specimen,  with  the  aid  of  other  living  animals 
whose  color  was  known  to  have  been  similar  to  experiment  33,  and 
partlv  from  memory;  but  it  is  believed  that  the  picture  is  in  color 
at  least,  very  close  to  the  actual  colors  of  the  living  specimen.  In 
the  preserved  formalin  specimen  all  spots  are  of  course,  much  bleached 
but  nevertheless  the  difference  between  the  color  of  the  spots  of  the 
host  and  graft  can  be  seen  most  clearly. 

b.  The  Metamorphosis  of  the  Grafted  Eye. — As  previously  mentioned 
no  special  attention  was  paid  to  the  metamorphosis  of  the  eye  in 
this  series  of  experiments  on  A.  punctatum.  Only  in  one  pair  of 
experiments  (33-34)  described  in  the  last  chapter,  the  metamorpho- 
sis of  the  eyes  was  watched  during  part  of  the  life  of  the  animal,  so  as 
to  give  a  fairly  continuous  series  of  observations.  An  abstract  from 
the  notes  is  given  here. 

From  these  observations  it  is  evident  that  in  experiment  34  the 
ring  of  the  grafted  eye  was  still  unbroken,  about  three  months  after 
the  yellow  ring  of  the  grafted  eye  of  experiment  33  was  broken  up 
into  black  and  yellow  dots.  The  same  relation  existed  between  the 
eyes  of  the  respective  hosts.  The  condition  of  the  grafted  eye  as  it 
existed  on  October  19.  may  be  seen  in  figures  13  and  14;  this  condi- 
tion was  only  little  changed,  when  the  animal  died.  Hence,  in  ex- 
periment 34  metamorphosis  of  the  grafted  eye  could  not  take  place 
because  the  host  did  not  metamorphose,  while  in  experiment  33  the 
grafted  eye,  though  belonging  originally  to  the  same  animal  A  as  the 
grafted  eye  of  experiment  34,  was  forced  into  metamorphosis  by  its 
host  at  least  three  months  earlier  than  experiment  34. 
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B.  Heteroplastic  Transplantations  from  Larvae  of  Amhly stoma 
punctatum  to  Amblystoma  tigrinum. 

The  object  of  these  experiments  was  to  ascertain  whether  or  not 
organs  of  one  species  could  metamorphose  on  the  body  of  another 
species.  Eyes  and  pieces  of  skin  were  grafted  from  A.  punctatum 
to  A.  tigrinum.  The  experiments  actually  showed  that  eyes  as 
well  as  skin  are  able  to  metamorphose  even  when  grafted  to  another 
species,  and  that  they  metamorphose  at  the  time  that  the  host 
metamorphoses. 

1.  Material  and  Method. 

The  technique  of  operations  employed  in  these  experiments  (series 
XXYI)  was  the  same  as  that  used  for  series  XXV.  The  skin  of  one- 
half  of  the  head  including  the  eye  was  taken  off  from  a  larva  of  A. 
punctatum  and  grafted  to  the  region  just  back  of  the  shoulders  of  a 
larva  of  A.  tigrinum,  after  a  piece  of  skin  the  size  of  the  graft  and  a 
small  amount  of  tissue  of  the  musculus  longissimus  dOrsi  had  been 
cut  out  from  there. 

The  general  method  was  somewhat  different  from  series  XXV,  as 
the  experiments  were  not  arranged  in  pairs;  the  animal  A  from  which 
the  graft  was  taken  being  a  different  individual  for  each  experiment. 
The  left  eye  of  individual  A  (A.  punctatum)  was  grafted  to  individual 
X  (A.  tigrinum),  X  being  the  experimental  animal  which  alone  was 
kept  alive  and  examined  from  time  to  time. 

It  was  of  course,  impossible  to  compare  the  developmental  stages 
of  the  grafts  with  the  developmental  stages  of  the  host  with  such 
exactness  as  in  series  XX Y.  since  the  changes  of  the  organs  of  A. 
tigrinum  are  entirely  different  from  those  of  the  graft.  Conse- 
quently only  one  definite  step  was  left  to  which  to  refer  the  changes 
of  the  grafted  punctatum  organs,  and  that  was  the  moment  when  the 
tigrinum  host  leaves  the  water.  Doubtlessly,  a  certain  amount  of 
inaccuracy  enters  these  experiments,  for  different  individuals  may 
show  a  different  degree  of  development  of  some  of  their  characteris- 
tics when  they  leave  the  water,  a  condition  frequently  noted  during 
observation  of  a  large  number  of  Urodelan  larvae.  We  shall  see, 
however,  that  the  difference  in  the  dates  when  the  hosts  left  the  water 
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is  wide  enough  to  establish  a  corresponding  difference  between  the 
grafts  and  to  make  the  relation  between  host  and  graft  a  definite  one. 

Furthermore,  it  must  be  said  that  it  was  not  known  exactly  when 
the  grafts  would  have  metamorphosed  if  they  had  remained  with  indi- 
vidual A,  for  this  individual  had  been  killed  and  could  not  be  used  as 
a  standard.  But  an  approximate  normal  standard-time  of  the  meta- 
morphosis of  the  graft  can  be  calculated  from  the  records  made 
about  the  time  of  metamorphosis  of  the  entire  stock  of  A.  punctatum 
larvae  from  which  our  grafts  were  taken.  According  to  these  notes, 
from  approximately  300  punctatum  larvae  all  but  about  10  meta- 
morphosed before  October  1,  1916.  Four  of  the  five  grafts  to  be 
reported  also  metamorphosed  before  this  time,  together  with  their 
hosts;  the  fifth  metamorphosed  late  in  October  and  later  than  any 
A.  punctatum  larva  of  the  entire  series  of  experiments  described  in 
this  paper.  As  the  respective  host  showed  a  corresponding  differ- 
ence, compared  with  the  other  hosts,  it  seems  justified  to  conclude 
that  in  all  probability  the  time  of  metamorphosis  of  the  grafts  in  this 
series  (XXVI)  was  also  determined  by  the  hosts. 

The  material  used  as  grafts  was  the  same  as  used  in  Series  XXV; 
all  animals  were  hatched  on  May  6  and  were  in  this  case  the  off- 
springs of  the  same  mother.  The  tigrinum  larvae  were  collected  in 
the  early  part  of  July,  1916  in  ponds  on  Long  Island  by  Mr.  Deckert 
and  myself. 

The  operations  were  performed  on  July  21  at  which  time  the  ti- 
grinum larvae  ranged  from  57.00  mm.  to  87.50  mm.  and  still  possessed 
truly  larval  characteristics:  their  gills  and  fin  were  of  enormous  size, 
the  color  of  the  skin  was  still  yellowish  and  the  melanophores  had 
not  yet  formed  any  definite  pattern. 

All  animals  were  kept,  before  and  after  operation,  in  a  cool,  dark 

room  at  an  average  temperature  of  15°C. 

* 

2.  The  Results. 

Among  the  seven  experiments  of  series  XXVI  only  five  were  made 
in  the  manner  described  above;  in  some  of  them  the  eyes,  in  others  the 
skin,  and  in  still  others  both  of  these  organs  were  examined.  Ab- 
stracts from  the  records  follow. 


EDUAKD    UHLENHUTH  65 

Experiment  V.  August  28,  1916.  On  skin  graft  network  has  separated  into 
large  greenish  spots,  which  are  entirely  different  from  the  light  sepia  spots  just 
developing  on  host's  skin;  in  this  way  it  is  very  easy  to  identify  them  as  Punc- 
tatum  spots. 

September  2.     Host  on  land-condition. 

September  5.  On  skin  graft  3  yellow  spots  of  the  punctatum  type  have  formed 
definitely. 

September  22.     The  spots  on  skin-graft  are  now  bright  yellow. 
September  25.     Only  1  yellow  spot  of  skin- graft  left,  which  is  now  still  brighter 
than  before. 

October  3.     The  grafted  punctatum  eye,  which  has  not  been  examined  until 
now,  shows  its  ring  broken  up  into  yellow  and  black  dots. 
December  7.     The  1  yellow  spot  on  skin-graft  has  become  very  faint. 
Experiment  III.     September  7.     Yellowish  spots  and  dots  of  indefinite  number 
and  appearance  are  developing  on  skin  graft. 

September  22.     Two  grayish  and  1  greenish  yellow  spot  have  assumed  full 
distinctness  and  a  small  patch  of  yellowish  pigment  dots  has  formed. 
September  22.     Host  on  land-condition. 

September  24.  All  spots  of  graft  have  become  greenish  yellow,  they  are  dis- 
tinctly to  be  recognized  as  punctatum  spots  and  are  absolutely  different  from  the 
grayish  sepia  spots  of  the  host. 

September  29.  The  patch  of  yellow  dots  on  the  graft  has  developed  into  a 
single  spot  of  the  punctatum  type  and  is  extremely  bright  yellow. 

October  4.  Only  2  of  the  yellow  spots  on  the  rear  end  of  the  graft  are  still 
present. 

October  26.     One  of  these  2  spots  has  entirely  disappeared,  the  other  has  been 
replaced  by  the  chromatophores  of  the  host  and  has  turned  sepia. 
November  23.     All  spots  of  the  graft  have  gone. 

Experiment  VI.  Skin-graft  started  soon  after  the  operation  to  be  replaced  by 
host's  skin. 

September  20.  In  the  grafted  punctatum  eye  the  outer  section  of  the  yellow 
ring  shows  dark  places. 

September  23.     Host  on  land-condition. 

September  30.     Whole  ring  of  grafted  eye  broken  up  into  yellow  and  black  dots. 
Experiment  VII.     September  25.     On  skin-graft,  1  yellow  spot  of  the  puncta- 
tum type  has  developed.     Grafted  eye  with  dark  places  in  the  outer  section  of 
the  yellow  ring. 

September  29.     The  yellow  spot  of  the  skin-graft  has  turned  brighter. 
September  29.     Host  on  land-condition. 

October  4.  On  skin  graft  3  more  yellow  spots  of  the  punctatum  type  have 
formed.     Entire  ring  of  grafted  eye  broken  up  into  yellow  and  black  dots. 

October  10.  Photographed  and  a  few  days  later  painted  (fig.  16);  compare 
with  figure  15  of  experiment  IV. 
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October  16.  On  skin-graft  all  4  punctatum  spots  still  present,  but  3  of  them 
have  become  less  dense.     Only  a  few  yellow  dots  are  left  in  the  grafted  eye. 

December  7.  All  4  spots  of  the  skin-graft  have  become  considerably  fainter, 
but  are  still  present  and  of  the  punctatum  type.  No  yellow  dots  left  in  the 
grafted  eye. 

Experiment  IV.  October  4.  Host  still  in  a  larval  condition.  The  ring  of  the 
grafted  punctatum  eye  is  still  an  unbroken  continuous  line. 

October  10.  Drawn  and  painted  (fig.  15);  compare  with  figure  16  of  experi- 
ment VII. 

October  26.  Outer  section  of  the  ring  of  the  grafted  eye  shows  dark  parts, 
inner  section  an  unbroken  yellow  line. 

October  27.     Host  on  land-condition. 

October  31.     Ring  of  the  grafted  eye  broken  up  into  yellow  and  black  dots. 

November  20.  Still  a  small  number  of  yellow  dots  in  lower  half  of  iris  of 
grafted  eye  present. 

November  20.     Photographed. 

November  24.  The  photograph  of  November  20  is  painted  after  the  living 
animal  which  has  not  changed  since  that  time  (fig.  17). 

In  all  five  experiments  the  grafted  organs  of  Amblystoma  puncta- 
tum underwent  changes  typical  to  metamorphosis  of  these  organs 
about  the  time  that  the  tigrinum  hosts  left  the  water.  The  changes 
of  the  grafted  skin  were  stretched,  as  under  normal  conditions,  over 
a  longer  period,  beginning  somewhat  before  and  ending  somewhat 
after  the  host  had  left  the  water.  Comparing  the  date  of  appear- 
ance of  definite  spots  on  the  skin-graft  with  the  date  of  the  host  being 
set  on  land-condition,  we  notice  a  very  definite  time-relation  between 
these  two  phenomena:  the  later  the  latter  occurs  the  longer  the  former 
is  delayed. 


Experiment  V. . 
Experiment  III. 
Experiment  VI T 


APPEARANCE  OF  DEFINITE 
SPOTS  ON  GRAFT 


August  28,  1916 
September  22,  1916 
September  25,  1916 


LAND  CONDITION   OF  HOST 


September  2,  1916 
September  22,  1916 
September  29,  1916 


Much  more  definite  in  time  is  the  breaking  up  of  the  inner  section 
of  the  yellow  ring  into  black  and  yellow  dots,  as  it  never  occurs  before 
the  tigrinum  host  has  left  the  water,  a  relation  which  is  in  perfect 
accord  with  the  attitude  of  the  large  majority  of  normal  punctatum 
eyes.     And  again,  the  more  delayed  the  host's  going  on  land,  the 
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later  the  breaking  up  of  the  ring  occurred.  In  experiment  5,  the  eye, 
unfortunately  was  not  watched  when  the  host  left  the  water,  but  one 
month  later  when  the  eye  was  examined  for  the  first  time,  it  showed 
the  ring  broken  up  into  black  and  yellow  dots.  Even  if  we  assume 
this  to  be  the  date  of  actual  breaking  up,  this  eye  would  have  under- 
gone the  change  of  its  yellow  ring  almost  one  month  earlier  than  the 
eye  of  experiment  4,  whose  host  correspondingly  left  the  water  two 
months  later  than  the  host  of  experiment  5. 

In  experiment  4,  the  host  and  the  graft  were  still  in  larval  condi- 
tion when  the  hosts  and  grafts  of  the  other  4  experiments  had  meta- 
morphosed. Since  in  this  case  the  punctatum  graft  metamorphosed 
far  later  than  any  A.  punctatum  larva  in  the  experiments  reported 
here,  this  experiment  had  particular  interest.  On  October  10,  ex- 
periment 4  was  pictured  (fig.  15),  and  for  comparison  experiment  7 
was  pictured  (fig.  16). 


Experiment  VI. . 
Experiment  VII. 
Experiment  IV  . . 


HOST  SET  ON  LAND-  BREAKING  CP  OF  THE  YELLOW- 

CONDITION  RING  OF  THE  GRAFTED  EVE 


September  23,  1916 
September  29,  1916 
October  27,  1916 


September  30,  1916 
October  4,  1916 
October  31,  1916 


Figure  15  shows  the  host  in  a  perfectly  larval  condition,  the  gills 
and  the  fin  of  the  tail  still  being  very  large.  The  grafted  eye,  which 
can  also  be  seen  in  the  picture  still  possesses  a  bright  yellow  ring  in 
place  of  the  iris;  no  black  pigment  can  be  detected.  In  figure  16, 
which  is  a  painted  photograph  of  experiment  VII.  the  host  is  seen  to 
be  metamorphosed  and  has  developed  the  pattern  of  the  metamor- 
phosed young  A.  tigrinum.  The  graft  also  is  metamorphosed,  as  is 
demonstrated  by  its  dark  almost  black  background  color  and  by  the 
lemon  yellow  spots  which  it  developed.  The  grafted  eye  appears 
very  different  from  experiment  IV;  it  has  lost  its  yellow  ring  almost 
entirely,  only  a  few  yellow  dots  remaining.  The  grafted  eye  of  ex- 
periment IV  did  not  reach  this  condition  before  the  middle  of  Xo- 
t  vember,  when  it  was  photographed  and  painted  again  (fig.  17).  Only 
a  small  number  of  yellow  dots  were  still  present. 

Thus  it  seems  impossible  to  overlook  in  these  experiments  a  definite 
time  relation  between  the  metamorphosis  of  the  host  and  that  of 
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the  grafted  organs,  which  evidently  means  that  the  organs  of  A. 
punctatum  cannot  metamorphose  before  the  host  does  and  that  they 
are  forced  into  metamorphosis  as  soon  as  the  host  metamorphoses. 
The  ability  of  one  species  to  bring  into  metamorphosis  the  organs  of 
another  species,  is  the  result  which  we  wish  most  to  emphasize  among 
the  facts  disclosed  by  this  series  of  experiments. 

iv.   DISCUSSION. 

1 .  The  experiments  reported  in  this  paper  seem  to  throw  some  light 
on  certain  fundamental  principles  upon  which  the  mechanism  of  the 
metamorphosis  of  the  Amphibian  skin  is  based. 

Let  us  consider  first  the  experiments  of  series  XXV  in  which  from 
the  head  of  one  individual  each  of  the  two  halves  of  the  skin  was 
grafted  to  another  individual  of  the  same  species  and  the  rate  of 
development  of  the  yellow  pigment  spots  of  the  adult  was  compared 
in  each  graft  with  the  rate  of  the  same  process  in  the  respective  host 
and  the  other  graft.  Under  normal  conditions,  i.e.,  if  the  two  pieces 
of  skin  had  remained  with  the  individual  to  which  they  originally 
belonged,  both  pieces  would  have  developed  the  yellow  spots  at  the 
same  time  and  would  have  metamorphosed  simultaneously  with 
each  other.  If  all  the  factors  necessary  to  the  development  of  the 
yellow  spots  were  in  the  skin  itself,  i.e.,  if  this  phenomenon  were 
actually  a  process  of  self  differentiation  as  Weigl  claimed  it  to  be, 
there  would  be  no  reason  why  two  pieces  of  skin  of  the  same  animal 
should  not  develop  simultaneously  with  each  other  even  after  they 
have  been  separated  from  this  animal  and  transferred  to  different 
individuals. 

The  two  pieces  however,  did  not  act  in  this  manner.  On  the 
contrary: 

a.  Pieces  of  skin  grafted  from  one  larva  to  another  developed  the 
network  and  the  yellow  spots  simultaneously  with  the  host  instead 
of  with  each  other;  i.e.,  they  developed  the  characteristics  of  the 
adult  skin  only  when  the  host  developed  them,  and 

b.  This  resulted  in  the  establishment  of  a  more  or  less  considerable 
difference  in  the  time  of  development  of  the  adult  characteristics 
between  the  two  pieces  of  skin  taken  from  the  same  animal  provided 
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such  a  difference  existed  between  the  two  respective  hosts.  This 
difference  ranged  from  seven  days  to  five  months  with  regard  to  net- 
work development,  and  from  three  days  to  four  months  with  regard 
to  the  development  of  the  yellow  spots  (separation  of  the  network). 

Such  a  relation  can  exist  only  if  at  least  one  factor  necessary  to  the 
development  of  the  adult  characteristics  of  the  skin  is  not  present  in 
the  skin  itself  but  must  be  furnished  to  the  skin  from  the  host.  This 
factor  which  may  be  called  "metamorphosis  factor  of  the  skin"  is  a 
factor  external  to  the  skin,  and  metamorphosis  is  not  a  process  of  self 
differentiation,  for  it  is  dependent  on  a  body  (host)  which  produces 
this  factor. 

It  appears  therefore,  that  in  the  metamorphosis  of  the  skin  a  factor 
has  manifested  itself  which  is  similar  to  the  metamorphosis  factor 
of  the  eyes  and  of  the  gills  of  Salamandra  maculosa,  for  the  meta- 
morphosis factor  of  all  three  organs  is  necessary  to  induce  metamor- 
phosis in  these  organs  and  is  primarily  not  contained  in  the  organs 
but  in  the  body  of  the  organism.  From  experiments  33-34,  of  series 
XXV,  it  appears  that  the  eye  of  Amblystoma  punctatum  also  follows 
this  mode  of  metamorphosis. 

According  to  the  method  employed,  the  experiments  described  in 
this  paper  could  not  be  expected  to  furnish  any  evidence  concerning 
the  question  as  to  whether  the  second  and  third  quality  of  the  meta- 
morphosis factor  of  the  eye  of  Salamandra  maculosa  mentioned  on  the 
first  page  of  this  article,  will  be  found  again  in  the  metamorphosis  fac- 
tor of  the  skin  of  Amblystoma  punctatum,  although  this  assumption 
seems  justified.  As  to  the  fourth  characteristic  of  this  factor,  we 
have  obtained  a  definite  answer  in  the  experiments  of  series  XXVI  on 
heteroplastic  transplantation.  Pieces  of  skin  and  eyes  of  A.  puncta- 
tum when  grafted  to  another  species  (A.  tigrinum),  showed  exactly 
the  same  mode  of  metamorphosis  as  they  showed  when  grafted  to  an 
individual  of  their  own  species.  Metamorphosis  of  these  two  organs 
did  not  take  place  unless  and  until  the  host  metamorphosed.  After 
we  have  seen  that  neither  of  these  two  organs  contain  the  metamor- 
phosis factor,  this  can  only  mean  that  the  factor  has  been  furnished 
to  them  from  the  body  of  an  individual  of  a  foreign  species.  Hence 
the  factor  in  question  must  be  'non-specific.'     It  was  mentioned  on 
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page  33,  that  some  evidence  of  non-specificity  was  also  found  for  the 
metamorphosis  factor  of  the  eye  of  Salamandra  maculosa.5 

2.  One  objection  might  be  raised  against  the  method  employed 
here.  In  certain  cases  of  skin  grafting  the  grafted  pieces  of  skin  are 
soon  partly  or  entirely  replaced  by  the  host. 

If,  then,  in  the  experiments  of  series  XXV  the  skin  graft  had  been 
replaced  by  the  skin  of  the  host  before  the  appearance  of  the  network 
or  the  yellow  spots,  the  yellow  spots  developed  on  the  place  corre- 
sponding to  the  grafted  piece  of  skin,  would  actually  have  been  spots 
of  the  host  and  not  of  the  graft.  It  would  not  be  surprising  then 
that  these  spots  always  developed  at  exactly  the  time  that  the  rest 
of  the  spots  of  the  host  developed. 

Although  the  fate  of  the  grafted  skin  of  the  homoplastic  series  has 
not  been  followed  on  histological  sections,  there  is  enough  definite 
evidence  at  hand  to  show  that  no  replacement  of  the  graft  took  place. 

First:  the  edges  of  the  graft  retain  complete  definiteness  through- 
out the  larval  period.  This  can  be  ascertained  as  the  color  of  the  graft 
and  that  of  the  host  show  as  a  rule  at  least  slight  individual  differ- 
ences (fig.  13).  Later  on  when  the  animals  are  entirely  metamor- 
phosed, graft  and  host  are  uniformly  black  and  the  borders  of  the 
graft  can  no  longer  be  distinguished.  This  fact  does  not  interfere 
with  our  results,  however,  as  at  this  time  the  phenomena  on  which 
the  present  investigation  is  based  are  long  past. 

Second:  if  replacement  of  the  graft  actually  takes  place  it  is  easy 
to  notice  it  macroscopically,  without  the  aid  of  microscopic  sections. 
This  was  demonstrated  by  the  behavior  of  the  graft  in  experiment  46. 

Third:  certain  individual  differences  between  the  yellow  spots  of 
different  individuals  may  help  in  determining  the  origin  of  the  yel- 
low spots  on  the  graft,  as  they  reappear  in  the  graft  even  if  the  spots 
of  the  host  are  of  a  very  different  type  from  that  of  the  graft's  spots. 
In  such  cases  it  is  easy  to  distinguish  between  the  spots  of  the  graft 
and  the  host.  For  instance  in  experiments  11-12,  and  experiments 
21-22,  there  could  have  been  no  doubt  that  the  almost  orange  yellow 
spots  did  not  belong  to  the  host  but  to  the  graft,  even  if  the  history 
of  these  spots  were  unknown.     The  spots  of  all  four  hosts  were  of  a 

5E.  Uhlenhuth,  1913  c,  p.  353. 
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faint  yellow,  and  orange  yellow  spots  could  not  be  found  on  their 
bodies  except  where  the  graft  had  been  made.  As  both  grafts  of 
each  pair  were  taken  from  the  same  individual  we  would  expect 
them  to  develop  the  same  type  of  spots,  which  is  what  actually  hap- 
pened.    The  results  in  experiment  33  are  similar. 

Fourth:  Weigl,6  who  also  studied  homoplastic  grafts  of  Amphibian 
skin,  had  experiences  similar  to  ours  concerning  the  possibilities  of 
replacement  of  the  graft  by  the  skin  of  the  host.  According  to  his 
statements,  the  surrounding  skin  of  the  host  never  grows  over  or 
into  the  grafted  piece  of  skin  nor  does  the  pigment  of  the  graft  spread 
into  the  skin  of  the  host  nor  the  pigment  of  the  host  migrate  into 
the  grafted  skin. 

The  heteroplastic  grafts  behave  very  differently  from  the  homo- 
plastic ones  insofar  as  they  are  actually  replaced  by  the  skin  of  the 
host,  as  will  be  described  in  another  article.  It  will  suffice  to  mention 
here  that  this  replacement  did  not  interfere  with  our  experiments 
since  it  did  not  begin  before  the  host  had  left  the  water  (except  in 
experiment  VI).  The  fact  that  in  some  heteroplastic  skin  grafts, 
spots  of  the  punctatum  type  were  formed,  in  itself  demonstrates  that 
the  grafts  were  normal  at  least  to  such  an  extent  as  to  produce  that 
phenomenon  upon  which  our  conclusions  are  based.  The  same  is 
true  for  the  eyes  of  series  XXVI,  which  were  grafted  from  the  puncta- 
tum larvae  to  the  tigrinum  larvae.  They  showed  themselves  as  nor- 
mal by  the  fact  that  the  breaking  up  of  the  yellow  ring  occurred  in  a 
normal  way,  and  as  we  have  selected  only  this  phenomenon  for  our 
conclusions,  it  is  not  a  matter  of  importance  what  the  condition  of 
these  grafted  eyes  was  in  regard  to  certain  other  histological  details. 
Nevertheless  it  might  be  mentioned  here  that  histological  examina- 
tion of  the  eyes  proved  that  even  several  months  after  the  breaking 
up  of  the  yellow  ring  most  of  the  structures  and  in  some  eyes  all  of 
the  structures  were  still  perfectly  normal.  Cones  and  rods  were 
present  and  unchanged  and  the  stroma  iridis,  which  is  the  place  of 
the  phenomenon  in  question,  showed  no  divergence  from  the  normal 
structure  of  this  organ.  The  only  change  observed  is  that  the  cornea 
is  overgrown  by  one  or  more  epithelial  layers.     The  course  of  this 

fi  R.  Weigl,  1913,  p.  597. 
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process,  however,  can  be  followed  macroscopically  under  the  binocu- 
lar. It  did  not  begin  before  the  ring  was  broken  up  and  since  the 
pithelial  layers  are  translucent  in  the  beginning  and  can  be  kept  so 
for  a  long  period  by  being  kept  wet,  examination  of  the  iris  is  still 
possible  after  the  epithelium  of  the  skin  has  commenced  to  grow  over 
the  cornea. 

3.  Concerning  Weigl's  opinion  that  metamorphosis  of  the  skin  is  a 
process  of  self  differentiation,  we  do  not  believe  that  the  results  of 
his  own  experiments  justify  such  an  assumption.  In  fact  it  seems 
that  they  would  appear  rather  confusing  and  lacking  in  uniformity  if 
metamorphosis  actually  were  a  process  of  independent  differentiation. 

Our  experiments  on  eye  grafting  have  demonstrated  that  the  age 
of  the  host  as  well  as  the  age  of  the  graft — or  more  correctly,  the 
stage  of  development  of  host  and  graft— are  important  considera- 
tions inasmuch  as  the  metamorphosis  factor  is  not  carried  into  the 
eye  before  the  host  has  reached  a  certain  stage  of  development.  If 
the  organ  be  taken  from  an  individual  at  this  stage,  it  would  of  course 
develop  independently  from  its  new  host.  On  the  other  hand,  very 
young  organs  for  some  reasons  respond  to  the  action  of  the  meta- 
morphosis factor  only  after  they  have  been  grafted  to  the  new  host  a 
certain  length  of  time.  Hence  it  is  clear  that  the  true  relation  existing 
between  the  body  of  the  individual  and  its  organs  cannot  be  studied 
unless  attention  is  paid  to  age  and  developmental  stage  of  both  of 
them.  This  can  only  be  done  if  the  age  of  each  individual  is  carefully 
registered  and  the  developmental  stage  of  each  animal  is  recorded  in 
definite  terms,  and  if  a  special  series  of  experiments  is  devoted  to 
each  of  the  ages  and  stages  which  play  a  role  in  the  phenomena  under 
discussion.  Unfortunately  such  data  are  missing  in  Weigl's  paper;  it 
is  impossible  to  form  any  c6nception  of  the  age  and  developmental 
stage  of  such  larvae  which  Weigl  calls  'young'  larvae  or  'old'  larvae. 
If  the  experiments  are  made  with  the  point  in  mind  mentioned  above, 
the  results  become  uniform  and  point  to  the  conclusion  that  meta- 
morphosis is  not  a  process  of  self-differentiation. 

Weigl's  experiments  may  be  briefly  reviewed  here  in  order  to  show 
that  they  do  not  contradict  the  existence  of  a  metamorphosis  factor. 

First:  he  found  that  pieces  of  skin  which  were  grafted  from  such 
larvae  as  he  calls  'young,'  to  other  'young'  larvae,  always  metamor- 
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phosed  simultaneously  with  the  host,  which  is  in  perfect  accord  with 
our  own  results,  and  Weigl  himself  expresses  this  fact  in  terms  that 
can  hardly  be  brought  into  agreement  with  his  opinion  that  meta- 
morphosis is  a  process  of  independent  differentiation,  since  he  says 
that  the  graft  becomes  entirely  subjected  to  the  influence  of  the  host. 

Second :  he  found  that  pieces  of  skin  grafted  from  young  larvae  to 
old  larvae  metamorphosed  some  time  after  the  host.  He  does  not 
sav  how  young  the  'young'  larvae  were  in  this  case  nor  how  old  the 
'old'  larvae  were.  If  the  'young'  larvae  were  only  several  weeks  old 
and  the  'old'  larvae  old  enough  to  metamorphose  a  few  days  after 
the  operation,  this  result  also  would  be  in  accordance  with  our  own 
results.  It  does  not  mean,  however,  that  there  is  any  justification 
for  the  assumption  that  in  these  young  grafts  metamorphosis  oc- 
curred independently  from  the  host's  body;  it  only  means  that  the 
metamorphosis  factor  must  act  a  certain  length  of  time  before  meta- 
morphosis in  the  organ  can  begin.  If  the  host  metamorphoses  be- 
fore this  time  is  elapsed,  the  grafted  organ  will  metamorphose  some- 
what later  than  the  host.  Furthermore  as  repeatedy"  pointed  out  in 
this  article,  only  one  factor  necessary  for  metamorphosis  is  furnished 
to  the  graft  from  the  host,  while  the  others  must  be  contained  or  de- 
veloped by  the  graft  itself  and  as  long  as  they  are  not — which  may 
be  the  case  in  very  young  animals — the  skin  will  not  respond  to  the 
action  of  the  metamorphosis  factor.  Whether  we  call  the  factors 
contained  in  the  organ  itself  'structure'  as  Weigl  did,  or  whether  we 
imagine  them  to  be  something  else,  does  not  alter  the  fact  that  the 
final  result  is  brought  about  with  the  aid  of  the  one  factor  contained 
in  the  body  of  the  host,  as  is  shown  in  Weigl's  experiments  by  the 
fact  that  the  young  organs  after  having  been  grafted  to  old  larvae, 
metamorphosed  earlier  than  they  would  have  done  when  left  with 
the  young  larvae  from  which  they  were  taken.  Metamorphosis 
therefore,  manifests  itself  as  a  process  of  'dependent  differentiation.' 

Third:  Weigl  reports  one  experiment  in  which  the  skin  of  a  larva 
which  he  calls  'young'  was  grafted  to  another  larva  of  the  same  species 
(Salamandra  maculosa);  the  skin  graft  metamorphosed  six  months 
before  the  host  was  photographed  and  the  photograph  shows  dis- 
tinctly that  the  host  is  still  a  larva.  This  case  could  hardly  be  ex- 
plained on  the  basis  of  metamorphosis  being  induced  by  a  factor  ex- 


74  METAMORPHOSIS   OF   AMPHIBIAN   ORGANS 

ternal  to  the  organ,  for  such  a  factor  could  neither  have  been  carried 
into  this  piece  of  skin  from  the  animal  to  which  it  first  belonged, 
since  this  animal  was  a  young  larva  according  to  Weigl,  nor  could  it 
have  been  furnished  to  it  by  the  host,  since  the  host  was  still  in  larval 
condition.  The  fact  that  among  the  many  grafting  experiments 
which  I  had  occasion  to  observe  such  a  result  was  never  obtained 
makes  it  appear  doubtful  whether  it  could  be  obtained  at  all. 
and  there  are  no  data  even  in  Weigl' s  paper  itself  which  explain 
why  he  should  have  obtained  such  a  result  only  in  one  case  and  not  in 
other  cases.  We  have  seen  that  this  result  was  obtained  only  when 
the  larvae  from  which  the  graft  was  taken  were  so  old  as  to  meta- 
morphose a  few  days  after  operation,  and  this  seemed  to  be  in  conse- 
quence of  the  metamorphosis  factor  being  already  developed  in  such 
very  old  larvae  and  carried  into  the  organ.  It  is  to  be  regretted 
therefore,  that  there  are  no  statements  in  Weigl's  paper  as  to  when 
the  individual  used  in  the  experiment  in  question  had  hatched,  nor 
is  there  any  picture  or  measurement  of  this  individual  to  be  found 
indicating  the  appearance  of  the  individuals  which  Weigl7  calls 
'young.'  Furthermore,  although  it  is  true  that  the  photograph  leaves 
no  doubt  as  to  the  fact  that  the  host  was  still  a  larva,  there  is  unfor- 
tunately, in  this  photograph  no  definite  indication  that  the  graft 
had  actually  metamorphosed.  It  seems  to  us  that  the  records  ac- 
companying the  paper  are  not  as  complete  as  they  should  be  to  lead 
us  to  accept  this  remarkable  and  only  exception  among  so  many 
experiments. 

Fourth :  to  a  young  larva  of  Salamandra  maculosa  a  piece  of  skin 
from  a  young  larva  of  the  Mexican  axolotl  was  grafted ;  a  short  time 
after  the  host  had  metamorphosed  the  skin  graft  metamorphosed 
also.  It  is  well  known  that  the  variety  of  the  Mexican  axolotl  bred 
in  Europe,  does  not  metamorphose  and  in  the  case  before  us  the  axo- 
lotl larvae  which  were  kept  as  control  did  not  metamorphose  even 
after  they  were  removed  from  the  water  and  set  on  land.  They  did 
not  show  the  slightest  indications  of  metamorphosis  when  the  grafted 
piece  of  skin  metamorphosed.  Weigl  himself  cannot  but  admit  that 
the  graft  in  this  case  was  forced  into  metamorphosis  by  the  host — 

7R.  Weigl,  1913,  figure  7.  plate  XXVIII. 
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even  of  a  foreign  species.  In  the  face  of  this  experiment,  which  is 
in  accordance  with  the  experiments  reported  by  the  writer  in  this 
article  and  in  a  former  paper,  and  which  supports  the  viewpoint  held 
by  the  writer,  it  seems  difficult  to  understand  how  Weigl  could 
defend  the  idea  that  metamorphosis  of  the  skin  is  a  process  of  self 
differentiation. 

If  we  compare  the  results  mentioned  in  the  foregoing  four  para- 
graphs we  shall  appreciate  how  much  they  would  lack  in  uniformity 
if  viewed  from  the  standpoint  that  metamorphosis  is  a  process  of  self 
differentiation;  i.e.,  that  all  factors  necessary  to  the  metamorphosis 
of  an  organ  are  contained  and  developed  by  this  organ.  It  seems, 
however,  that  all  results,  including  those  obtained  by  Weigl  so  far 
as  they  are  based  on  definite  data,  uniformly  point  to  the  one  conclu- 
sion: There  is  in  metamorphosis  of  an  organ  (i.e.,  in  the  development 
of  the  adult  characteristics  of  an  organ  from  the  larval  structure  of 
this  organ)  one  factor  involved,  which  is  not  contained  in  this  organ 
nor  can  it  be  produced  by  this  organ. 

4.  In  the  same  direction  seem  to  point  the  experiments  on  feeding 
thyroid-gland  to  amphibian  larvae  and  on  extirpation  of  the  thyroid 
and  hypophysis  in  amphibian  larvae.  These  experiments  demon- 
strate at  least  that  the  influence  of  certain  substances  which  are  in- 
troduced or  contained  primarily  in  the  body  of  the  animal  and  not 
in  the  organs  in  question,  is  in  some  way  able  to  reach  these  organs; 
they  demonstrate  beyond  any  doubt  that  metamorphosis  can  be  in- 
duced by  an  external  factor  not  primarily  contained  in  the  organs 
themselves. 

It  seems  interesting  to  us  that  a  certain  resemblance  doubtlessly 
exists  between  the  action  of  thyroid  substance  and  that  of  the  factor 
disclosed  in  the  grafting  experiments.  First,  they  are  both  external 
to  the  organs  and  second,  both  are  non-specific.  Third,  it  seems 
that  thyroid,  like  the  metamorphosis  factor,  acts  only  by  inducing 
the  processes  of  metamorphosis;  if  these  processes  have  once  been  in- 
duced by  the  action  of  the  substance  they  will  continue  even  in  its 
absence.  Kahn,  for  instance,  stated  that  a  single  feeding  with  thy- 
roid is  enough  to  induce  metamorphosis  and  that  without  any  further 
feeding  metamorphosis  may  be  completed  in  a  short  time.  We  have 
seen  that  in  eyes  in  which  metamorphosis  has  once  been  induced  it 
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will  be  completed  even  if  the  eyes  are  removed  from  the  influence  of 
the  agent  and  transferred  to  young  larvae  in  which  this  agent  has 
not  yet  developed.  Fourth,  it  seems  that  in  very  young  animals  thy- 
roid must  act  longer  than  in  older  animals  in  order  to  induce  metamor- 
phosis.8 This  corresponds  with  the  fact  that  organs  grafted  from 
young  to  old  larvae  in  which  metamorphosis  would  occur  a  few  days 
after  operation,  metamorphose  sometime  after  the  host  instead  of 
simultaneously  with  the  host. 

In  our  experiments  it  was  not  possible  to  demonstrate  actually 
that  the  metamorphosis  of  all  three  organs  examined,  i.e.,  eyes,  gills 
and  skin,  is  controlled  by  one  or  more  common  centers,  by  which  the 
factor  in  question  is  produced.  The  fact  however,  that  certain  im- 
portant characteristics  are  common  to  the  metamorphosis  factor  of 
each  of  these  organs,  encourages  the  belief  that  we  are  dealing  in 
each  of  these  organs  actually  with  the  same  factor.  The  results 
shown  by  feeding  thyroid  and  particularly  by  the  extirpation  of  in- 
ner secretory  glands  seem  to  support  this  assumption. 

5.  We  have  seen  that  the  metamorphosis  of  the  skin  of  Ambly- 
stoma  punctatum  consists  in  the  development  of  the  yellow  spots  of 
the  adult.  What  has  been  said  in  the  foregoing  pages  about  meta- 
morphosis means  then,  that  the  mechanism  which  underlies  the  de- 
velopment of  the  yellow  spots  contains  one  factor  which  does  not 
belong  primarily  to  the  specific  properties  of  the  skin,  but  is  formed 
at  some  place  inside  of  the  body  of  the  organism,  at  a  certain  time, 
and  is  carried  into  the  skin  secondarily.  This  factor  is  not  specific 
even  for  the  individual  within  the  species;  it  is  produced  by  every 
individual  in  the  same  way  and  therefore  can  be  replaced  for  the  skin 
of  one  individual  by  the  body  of  any  other  individual  of  this  species, 
without  changing  the  final  result.  Furthermore:  this  factor  is  not 
specific  even  for  the  species  as  it  can  be  produced  by  another  species 
also,  as  the  heteroplastic  grafts  have  shown.  Hence  one  of  the  most 
prominent  characteristics  of  this  factor  is  its  non-specificity,  it  is 
neither  specific  for  the  organ  nor  for  the  individual  nor  for  the  species. 

In  addition  to  this  non-specific  factor  a  second  factor  apparently 
has  manifested  itself  in  the  mechanism  of  the  development  of  the 

8  T.  F.  Gudernatsch,  1916,  r.  358. 
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yellow  spots — it  is  the  factor  responsible  for  the  type  in  which  the 
yellow  spots  will  develop.  This  factor  seems  to  be  highly  specific, 
as  suggested  by  the  constancy  with  which  a  certain  individual  and 
even  a  certain  piece  of  skin  of  this  individual  will  develop  a  particular 
type  of  spot,  and  apparently  lies  in  the  skin  itself. 

As  pointed  out  above,  the  character  of  the  yellow  spots  varies 
greatly,  and  hardly  two  individuals  can  be  found  in  which  the  spots 
are  alike.  The  spots  vary  in  (1)  the  shade  of  the  yellow  pigment,  (2) 
the  density  of  the  yellow  pigment,  (3)  the  size  of  spot  and  (4)  the  num- 
ber of  spots.  As  a  rule  in  one  individual  all  four  characteristics  are 
developed  in  the  same  direction;  thus,  almost  uniformly  black  ani- 
mals are  produced  at  one  end  of  the  scale,  while  very  bright,  almost 
orange  yellow  spotted  animals  are  found  at  the  other  end. 

If  it  were  true  that  this  second  factor  belonged  to  the  specific  prop- 
erties of  the  skin  and  was  specific  for  the  individual,  we  should  ex- 
pect that  a  piece  of  skin  grafted  from  an  individual  with  the  'almost 
orange  yellow'  type  of  spots,  to  an  'almost  black'  animal  would  never- 
theless develop  on  the  'almost  black'  host,  'almost  orange  yellow' 
spots,  for  the  'almost  orange  yellow'  type  of  the  factor  should  have 
been  carried  within  the  graft  to  the  new  host.  That  such  is  actually 
the  case  is  shown  by  some  of  the  experiments  of  series  XXV.  It  is 
particularly  well  expressed  in  experiments  11-12,  and  21-22.  Since 
in  each  pair  both  grafts  were  taken  from  the  same  individual  we 
should  expect  that  if  the  spot  developed  by  one  graft  is  'almost  orange 
yellow,'  the  spot  of  the  other  graft — if  this  graft  developed  a  spot  at 
all — should  be  'almost  orange  yellow'  too;  and  this  is  what  actually 
happened  in  these  two  pairs.  A  similar  result  was  obtained  in  ex- 
periment 33  and  experiment  45. 

In  a  similar  way  must  we  look  upon  experiments  13,  28,  45,  11-12 
in  regard  to  the  behavior  of  the  hosts.  In  these  experiments  the 
hosts  were  of  the  black  variety.  This  variety  not  only  is  almost  bare 
of  yellow  pigment,  but  develops  the  few  faint  spots  much  later — if 
at  all — than  the  majority  of  the  individuals  of  this  species,  and  at  a 
time  when  metamorphosis  is  almost  complete.  In  these  individuals 
the  appearance  of  the  yellow  spots  cannot  be  said  to  indicate  that 
the  metamorphosis  of  the  skin  has  started  since  the  spots  appear 
when  it  is  almost  finished,  in  regard  to  the  rest  of  the  adult  charac- 
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teristics  of  the  skin.  If  to  such  an  individual  a  normal  piece  of  skin 
is  grafted  it  will  react  in  a  normal  way  to  the  action  of  the  metamor- 
phosis factor  and  the  spots  will  appear  on  it!;  while  the  host  will  not 
react  in  a  normal  way  and  no  spots  will  appear,  or  only  much  later 
if  at  all,  since  the  second  factor  necessary  for  the  development  of 
the  yellow  spots,  being  a  specific  factor  contained  in  the  skin  itself, 
is  either  absent  from  the  skin  of  this  individual,  or  if  present  is  of 
such  a  specific  type  as  to  permit  development  of  the  spots  only  to  a 
certain  decreased  amount  and  after  a  long  time.  This  result  was 
actually  obtained  in  the  group  of  experiments  under  discussion. 

Quite  similar  results  were  furnished  by  the  experiments  of  Weigl 
and  several  other  investigators  who  studied  the  behavior  of  the 
transplanted  skin  of  Amphibians. 

Comparing  this  second  factor  with  the  first  one,  we  see  that  its 
chief  characteristic  is  an  apparent  specificity.  It  is  specific  for  the 
organ  itself,  because  it  cannot  be  furnished  to  it  by  the  rest  of  the 
body,  and  it  is  specific  for  the  individual  because  it  cannot  be  re- 
placed by  the  corresponding  factor  of  another  individual. 

It  thus  appears  that  two  factors,  easily  distinguishable,  have  been 
revealed  as  involved  in  the  process  of  the  development  of  the  yellow 
spots.  One  of  them  is  a  non-specific  factor,  the  other  a  specific  one. 
The  first  one,  it  seems,  may  be  identical  with  a  chemical  substance 
such  as  a  hormone;  the  nature  of  the  second  one  is  entirely  unknown, 
but  in  common  terms  it  might  be  called  a  'specific  structure.' 

I  should  not  have  expounded  these  facts  at  such  length  if  I  did 
not  think  them  particularly  apt  to  throw  some  definite  light  upon 
the  meaning  of  what  we  call  'specificity.' 

From  the  experiments  reported  here,  we  might  well  form  the 
opinion  that  each  individual  of  Amblystoma  punctatum  carries  in 
its  skin  a  specific  structure,  which  is  predetermined  and  according  to 
which  the  yellow  spots  of  one  individual  must  develop  certain  definite 
characteristics  different  from  those  of  other  individuals  in  which  the 
corresponding  predetermined  specific  structure  was  different.  This 
structure  is  unchangeable  as  is  also  the  type  of  the  spots  which  de- 
velops from  this  structure;  and  this  is  what  is  ordinarily  termed 
'specificity.' 

The   following   instance   however,   shows   that   these   conclusions 
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would  have  been  premature.  In  the  course  of  certain  experiments 
not  yet  published,  a  series  of  A.  punctatum  larvae  were  fed  on  thymus 
gland  and  controlled  by  another  series  kept  on  normal  diet  (earth- 
worms). Both  series  were  kept  in  daylight  and  at  relatively  high 
temperatures — up  to  30°C.  Many  of  the  animals  metamorphosed  and 
developed  the  yellow  spots.  All  individuals  of  the  thymus-set,  with- 
out exception  showed  entirely  orange  yellow,  extremely  dense  spots, 
no  matter  how  large  or  how  numerous  the  spots  were.  Among  the 
worm-fed  animals  there  was  a  wider  variation  in  regard  to  the  color 
and  density  of  the  spots — from  a  relatively  light  yellow  and  dense 
type  to  a  very  intense  yellow  ('almost  orange  yellow')  and  very  dense 
type;  but  there  was  not  one  individual  whose  spots  were  nearly  like 
those  of  the  thymus-animals,  (i.e.,  nearly  so  reddish  yellow  and  so 
dense),  and  this  in  spite  of  the  fact  that  all  individuals  of  both  sets 
were  the  offsprings  of  one  female.  The  difference  in  the  color  was 
so  striking  that  anyone  could  have  picked  out  without  hesitation  the 
thymus-animals  had  they  been  mixed  up  with  the  worm-animals. 
Hence  there  is  a  means  to  change  that  structure  which  we  thought — 
from  our  grafting  experiments — to  be  specific. 

From  this  it  seems  to  me  that  we  cannot  refer  specificity  to  an  in- 
dividual or  to  a  certain  group  of  individuals,  but  that  we  must  refer 
specificity  of  a  certain  type  to  the  methods  which  we  employ  in  trying 
to  change  the  type.  If  our  method  is  unfit  to  change  it,  the  type 
appears  to  be  specific;  if  our  method  is  able  to  change  it,  the  type 
seems  non-specific.  Of  course,  in  this  way,  we  should  agree  that 
specificity  is  only  relative  and  classifying,  but  not  absolute  and  not 
real. 

V.    SUMMARY. 

1.  From  a  larva  of  Amblystoma  punctatum,  each  of  the  two  halves 
of  the  skin  of  the  head,  including  one  eye,  was  grafted  to  another 
larva  of  the  same  species.  The  animal,  from  which  the  grafts  were 
taken,  was  killed;  tjie  two  animals  to  which  the  pieces  of  skin  had 
been  grafted,  constituted  one  experimental  pair. 

2.  In  each  pair,  the  appearance  of  the  color  characteristics  of  the 
adult  Amblystoma  punctatum  skin  (network  and  yellow  spots)  in 
the  two  hosts  and  in  the  two  grafts,  was  recorded  and  these  dates 
were  compared  with  each  other. 
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3.  The  result  was: 

a.  The  skin  grafts  developed  the  network  and  the  yellow  spots  not 
simultaneously  with  each  other  as  they  would  have  done  if  left  with 
the  animal  from  which  they  were  taken,  but  simultaneously  with 
the  host;  they  metamorphosed  only  if  the  host  did. 

b.  This  resulted  in  the  establishment  of  a  more  or  less  considerable 
difference  in  the  time  of  development  of  the  adult  characteristics 
between  the  two  pieces  of  skin,  provided  such  a  difference  existed 
between  the  respective  hosts.  The  difference  ranged  from  seven  days 
to  five  months  with  regard  to  the  network  development,  and  from 
three  days  to  four  months  with  regard  to  the  development  of  the 
yellow  spots.  Metamorphosis  of  the  skin  graft  was  retarded  or 
accelerated  by  the  host. 

c.  The  grafted  eyes  showed  a  similar  time  relation  with  regard  to 
the  breaking  up  of  the  yellow  ring. 

4.  Pieces  of  skin  and  eyes,  which  were  grafted  from  larvae  of  Am- 
bly stoma  punctatum  to  larvae  of  Ambly stoma  tigrinum,  not  only 
metamorphosed  also  on  this  host  of  a  foreign  species,  but  showed, 
with  regard  to  metamorphosis,  the  same  time  relation  as  on  a  host 
of  the  same  species. 

5.  Individual  types  of  the  yellow  spots  of  the  skin  of  one  individual 
remained  unchanged  even  when  the  skin  was  grafted  to  an  individual 
whose  skin  developed  yellow  spots  of  another  type. 

6.  From  these  facts  it  is  evident  that  at  least  two  factors  are  in- 
volved in  the  mechanism  of  the  development  of  the  yellow  spots  of 
Amblystoma  punctatum: 

a.  One  factor,  which  is  responsible  for  the  kind  of  yellow  spots 
that  will  develop,  and  which  is  contained  in  the  skin  itself; 

b.  Another  factor  which  may  be  called  'metamorphosis  factor'  and 
which  may  be  characterized  as  follows: 

1.  It  is  necessary  to  start  the  process  of  the  development  of  the 
yellow  spots;  i.e.  metamorphosis  of  the  skin; 

2.  It  is  not  contained  in  the  skin;  but  produced  by  the  body  or 
some  particular  organ  of  the  organism; 

3.  It  is  non-specific; 

4.  It  may  be  identical  with  an  agent  like  thyroid-substance. 
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PLATE  1 

EXPLANATION  OF  FIGURES 

1  Larva  of  A.  punctatum,  kept  at  a  low  temperature  (about  15°C.  average) 
in  a  dark  room  and  fed  on  worms.  It  shows  the  first  color  stage  (even  yellow 
brown).  Cold  worms,  experiment  7;  hatched  on  May  3,  1916;  land-condition 
December  12.  Photographed  from  live  specimen  October  25,  natural  size.  (Photo 
16.) 

2  Larva  of  A.  punctatum  kept  at  a  low  temperature  (about  15°C.  average) 
in  a  dark  room.  It  shows  the  second  color  stage  ('Network')  at  an  advanced 
stage.  Cold  worms,  experiment  8;  hatched  on  May  3,  1916;  land-condition  No- 
vember 14.  Photographed  from  live  specimen  on  October  25;  natural  size. 
(Photo  14.) 

3  Larva  of  A.  punctatum  kept  at  a  high  temperature  (about  25°C.  average) 
in  a  light  room  and  fed  on  thymus.  It  shows  the  beginning  of  the  third  color 
stage  (separation  of  the  network  into  yellow  spots).  The  animal  had  102  yel- 
low spots  when  photographed.  Warm  thymus  experiment  2;  hatched  on  May  3, 
1916;  land-condition  October  19.  Photographed  October  9  from  live  specimen; 
latural  size.     (Photo  2.) 

4  Larva  of  A.  punctatum  kept  at  a  high  temperature  (about  25°C.  average) 
n  a  light  room  and  fed  on  worms.  It  shows  the  third  color  stage  ('Separation  of 
Network')  in  an  advanced  stage.  The  yellow  spots  are  mostly  faint  and  the  sur- 
ace  of  the  skin  appears  dull.  Warm  worms,  experiment  2;  hatched  May  3,  1916; 
and-condition  September  29.  Photographed  from  live  specimen  October  10; 
latural  size.     (Photo  5.) 
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PLATE  2 


EXPLANATION    OF   FIGURES 


">  Eye  of  A.  Punctatum  showing  the  iris  divided  into  two  sections,  in  a  very 
early  larval  stage  (about  two  weeks  after  hatching).  The  inner  section  is  pure 
yellow  and  does  not  contain  melanophores.     Magnification  (?). 

6  Eye  of  A.  punctatum  about  2  months  after  the  animal  was  set  on  land  con- 
flit  inn.  The  iris  appears  dark  brown  and  contains  only  a  few  yellow  chromato- 
phores.     Magnification  (?  . 
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PLATE  3 

EXPLANATION    OF    FIGURES 

7  12  Schematic  Bgures  to  illustrate  size,  color,  density,  number  and  dis- 
tribution of  the  yellow  spots.  Printed  sketches  of  a  uniform  size,  showing  the 
nut  lino  of  the  animal's  body,  were  used  and  the  spots  were  drawn  not  in  their 
actual  size  hut  enlarged  in  proportion  to  the  size  of  the  sketch.  Spots  of  'almost 
orange  yellow'  color  are  shown  orange,  while  'light  yellow'  spots  are  represented 
by  yellow".     Dotted  .-pots  are  indicated  by  black  dots  on  the  yellow  color.     The 

1  .orders  of  the  graft,  where  they  still  were  visible,  are  indicated  by  a  white  line. 

7  Series  XXV,  experiment  21.  Spot  1  is  the  reddish  yellow  spot  of  the  graft : 
the  >pots  of  the  host  were  light  yellow.  Drawn  on  December  14,  1916.  from  live 
specimen. 

8  Series  XXV,  experiment  22.     The  spots  of  t  he  host  are  light  yellow:  spots.  1 . 

2  and  3  are  very  brighl  reddish  yellow  spots,     ."'•pot  1  and  2  are  spots  of  the  graft; 
the  history  of  spol  •'!  has  not  been  recorded,  but  it  probably  also  belongs  to  the 

see  text  p.  258  .      Drawn  on  December  14,  1!)1C>.  from  live  specimen. 
!)     Series  XXV,  experiment   15.     The  spots  of  the  host  are  either  pale  yellow 
i  tail  i  or  they  are  faint  dotted  spots  (body    ;  spot  I,  which  belongs  to  the  graft .  is 
bright  and  almost  orange  yellow.     Drawn  December  26,  1916,  from  live  specimen. 

10  Series  XXV,  experiment  28.  The  host  developed  on  its  body  only  a  few 
lighl  yellow  and  mostly  small  spots  while  the  largest  part  of  the  body  is  without 
spots.     Drawn  December  is.  1916.  from  live  specimen. 

11  Series  XXV,  experiment  11.  The  host  developed  only  small  and  faint 
dotted  yellow  spots,  while  the  graft  developed  a  relatively  large,  very  bright, 
almost  orange  yellow  spot    spot  1  I.    Drawn  December  1.'!.  1916,  from  live  specimen. 

12  Series  XXV,  experiment  12.  The  host  developed  only  1  faint  dotted 
yellow  spot  on  the  whole  body;  the  grafl  developed  4  spots.  2  of  them  (spot  1 
and  2 1  were  brighl  and  almost  orange  yellow.  Drawn  December  13,  191(i.  from 
live  animal. 
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[Reprinted  from  The  Journal  of  the  American  Medical  Association,  October  6, 1917, 
Vol.  box,  Xo.  14,  pp.  1150-1156.] 


THE  THERAPEUTIC  VALUE  OF  ORAL  RHYTHMIC 
INSUFFLATION  OF  OXYGEX. 

With  Description  of  a  Simple.  Apparatus  for  its  Execution. 

By  S.  J.  MELTZER,  M.D.,  LL.D. 

( From  the  Department  of  Physiology  and  Pharmacology  of  The  Rockefeller  Institute, 

for  Medical  Research.) 

The  literature  on  the  relation  of  oxygen  to  the  processes  of  life,  the 
role  which  oxygen  plays  in  internal  and  external  respiration,  and  the 
availability  of  that  gas  as  a  therapeutic  measure,  is  immense.  I  shall 
not  attempt  to  review  it  even  in  a  cursory  way,  but  it  may  not  be 
amiss  to  discuss  some  of  the  problems  of  this  subject,  especially  those 
which  we  encounter  in  recent  medical  literature.  We  may  con- 
veniently divide  the  discussion  of  our  subject  into  two  aspects:  the 
physiologic  and  the  therapeutic.  • 

The  Physiologic  Aspect. 

It  seems  to  be  the  dominant  opinion  among  physiologists  that  in- 
halation of  pure  oxygen  or  air  strongly  enriched  with  oxygen  is  of  no 
greater  oxidative  value  to  the  normal  organism  than  the  inhalation 
of  simple  atmospheric  air,  which  contains  about  20  per  cent,  of  oxy- 
gen. This  view  seems  to  be  upheld  by  two  considerations.  In  the 
first  place,  it  is  a  fact  that  the  oxygen  in  the  blood  is  carried  chiefly 
by  the  hemoglobin,  which,  it  is  generally  assumed,  is  nearly  saturated 
with  oxygen  and  would  not  take  up  more  of  it  even  if  the  individual 
were  breathing  pure  oxygen.  The  only  part  of  the  blood  which  may 
take  up  more  oxygen  when  offered  under  higher  pressure  is  the  serum ; 
but  it  seems  to  be  generally  accepted  that  the  amount  of  oxygen 
which  the  serum  is  thus  able  to  take  up  is  a  small  and  negligible 
quantity.  The  second  influential  consideration  is  the  assumption, 
which  seems  now  to  be  quite  generally  accepted,  that  the  decision  as  to 
the  amounts  of  oxygen  which  the  organism  is  to  absorb  rests  finally 
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and  exclusively  with  the  body  cells,  that  is,  with  their  necessities, 
activities  and  storing  capacities,  and  is  not  influenced  by  the  oxygen 
pressure  within  the  tissue  lymph.  In  other  words,  oxidation,  the  chief 
process  of  life,  depends  on  cell  activity  and  not  on  the  tension  of 
oxygen  within  the  blood  or  within  the  tissue  lymph. 

The  question  under  discussion  has  been  the  subject  of  numerous 
investigations.  Lavoisier  and  Seguin,  as  far  back  as  1789,  were  the 
first  to  draw  the  conclusion  from  their  experiments  that  "there  was  no 
increase  in  the  vital  processes  as  the  result  of  breathing  pure  oxygen." 
Probably  the  last,  and  surely  one  of  the  best  and  apparently  most 
careful  investigations,  is  the  one  that  was  published  a  few  years  ago  in 
this  country  by  Benedict  and  Higgins.1  They  say  that  a  critical 
examination  of  the  entire  literature  strongly  favors  the  belief  ex- 
pressed by  Lavoisier.  But  they  say  that  "nevertheless  we  find  that 
there  is  much  that  is  lacking  in  the  evidence  thus  far  secured,  so  that 
the  matter  is  not  yet  definitely  settled."  Their  careful  investiga- 
tions, however,  led  them  to  a  similar  result,  namely,  that  there  is  no 
difference  in  the  gaseous  metabolism  between  breathing  ordinary  air 
and  breathing  oxygen  mixtures  of  40,  60  or  90  per  cent. 

But  even  with  regard  to  this  careful  research,  Krogh2  said:  "It  is 
extremely  probable,  however,  that  there  is  in  these  experiments  a 
slight  systematic  error,"  and  he  comes  to  the  conclusion  that  the 
"breathing  of  oxygen  does  increase  the  metabolism  to  some  slight 
extent." 

Apparently  there  are  many  factors  of  greater  or  lesser  importance 
that  have  to  be  taken  into  consideration  before  we  shall  be  justified  in 
accepting  as  final  any  estimate  of  the  extent  of  the  influence  that  the 
inhalation  of  air  with  a  higher  partial  pressure  of  oxygen  may  exert 
on  the  normal  gaseous  metabolism.  The  hemoglobin  is  even  nor- 
mally not  completely  saturated  with  oxygen,  nor  is  the  oxygen  in 
solution  in  the  blood  serum  normally  an  entirely  negligible  quantity, 
and  it  is  certainly  not  negligible  during  an  increase  of  the  partial  pres- 
sure of  oxygen  of  the  inhaled  air. 

1.  Benedict  and  Higgins:  Effects  on  Men  at  Rest  of  Breathing  Oxygen-Rich 
Gas  Mixtures,  Am.  Jour.  Physiol.,  1911,  28,  1. 

2.  Krogh,  August:  The  Respiratory  Exchange  in  Animals  and  Man,  London, 
Longmans,  Green  &  Co.,  1911. 
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There  is  no  real  quantitative  analysis  of  the  amount  of  oxygen 
present  in  the  tissue  fluid.  The  analysis  of  the  various  body  secre- 
tions does  not  mean  the  same  as  an  analysis  of  the  tissue  fluid.  There 
are  some  authoritative  investigators  who  still  believe  in  the  storage 
of  oxygen,  intramolecularly  or  extramolecularly,  in  loose  chemical 
combination  or  in  physical  solution.  There  are  other  considera- 
tions to  be  solved;  but  I  shall  not  attempt  to  discuss  any  of  these 
points.  However,  I  wish  to  call  attention  to  one  factor  which  has 
not  yet  been  taken  properly  into  account,  or  at  least  not  from  the 
proper  point  of  view,  as  it  seems  to  me,  and  that  is  that  element  in 
biology  which  I  designated,  a  decade  ago,  as  the  factor  of  safety. 

All  experiments  under  consideration  start  implicitly  from  the  point 
of  view  that  the  oxygen  content  in  the  air  is  the  physiologic  amount 
sufficient  for  the  maintenance  of  the  life  of  the  animal  under  normal 
conditions.  But  is  this  entire  amount  also  indispensable?  It  has 
been  established  by  many  experiments  that  the  organism  remains 
in  a  normal  condition  even  if  the  partial  pressure  of  the  oxygen 
in  the  air  amounts  to  only  12  or  13  per  cent.  What  is  the  sig- 
nificance of  the  considerable  surplus  of  oxygen  that  the  animal  is 
normally  breathing?  From  my  point  of  view  it  presents  a  factor 
of  safety  in  the  function  of  respiration,  a  factor  which  I  have  shown 
to  exist  in  most  of  the  functions  of  the  animal  body.3  I  shall  not 
attempt  to  discuss  again  this  problem  in  its  details.  But  it  will  not 
be  amiss  to  give  an  example  taken  from  every  day  life  which  will  suf- 
fice to  illustrate  the  meaning  of  the  underlying  principle  of  the  factors 
of  safety  and  the  simplicity  of  its  requirements.  Let  us  take,  for 
instance,  two  houses  of  about  the  same  size,  of  which  we  have  good 
reasons  to  expect  that  each  house  uses  up  the  same  amount  of  coal 
in  a  given  time.  But  while  the  occupant  of  one  house,  who  may  pos- 
sess larger  means  and  a  greater  foresight,  lays  in  a  larger  supply  of 
coal,  let  us  say,  twenty  tons  at  a  time,  we  find  the  occupant  of  the 
other  house,  perhaps  because  of  lack  of  means  or  the  necessary  fore- 
sight, provides  himself  with  only  one  ton  of  coal  at  a  time.  The  dif- 
ference in  the  fate  between  the  occupants  of  the  two  houses  becomes 

3.  Meltzer,  S.  J.:  The  Factors  of  Safety  in  Animal  Structure  and  Animal 
Economy,  The  Journal  A.  M.  A.,  Feb.  2,  1907,  p.  655. 
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strikingly  evident  when  unexpectedly  necessities  arise  for  greater 
consumption  of  coal,  and  when,  furthermore,  these  necessities  set  in 
under  circumstances  of  time  and  place  that  make  coal  difficult  to 
obtain. 

Life  is  characterized  by  the  instability  and  variability  of  its  states, 
and  all  its  functions  must  therefore  be  so  arranged  as  to  be  capaple 
of  being  ready  to  meet  the  highest  possible  demands.  The  function 
of  respiration  has  for  its  object  chiefly  the  provision  of  the  organism 
with  oxygen,  properly  and  safely.  While,  as  far  as  the  muscle  sys- 
tem is  concerned,  the  provision  of  the  respiratory  function  with  fac- 
tors of  safety  is  under  normal  conditions  surely  of  a  satisfactory  ex- 
tent, because,  as  we  know,  the  muscle  is  capable  of  continuing  its 
contractions  even  if  the  oxygen  tension  of  its  surrounding  atmosphere 
is  fairly  low.  it  is  different  with  the  central  nervous  system.  Here  we 
know  that  a  comparatively  slight  reduction  in  the  oxygen  tension  in- 
terferes profoundly  with  the  activities  of  this  system.  Are  we  justi- 
fied in  assuming  that  the  addition  of  7  or  8  per  cent,  of  oxygen  is  just 
the  limit  of  the  factors  of  safety  which  the  respiratory  function  may 
need  and  use  under  all  conditions?  Furthermore,  in  breathing  nor- 
mal atmospheric  air,  what  is  the  fate  of  the  7  or  8  per  cent,  of  oxygen 
present  in  the  normal  air  above  the  amount  actually  indispensable 
for  maintenance  of  life?  Is  this  oxygen  stored  away  somewhere  and 
in  some  manner,  to  be  ready  for  immediate  use  when  needed,  or  is  it 
normally  unabsorbed  and  got  rid  of  in  the  same  manner  as  is  as- 
sumed to  be  the  case  when  20  or  30  per  cent,  of  oxygen  is  artificially 
added  to  the  atmospheric  air? 

The  Therapeutic  Aspect. 

The  extensive  experiments  on  which  the  prevailing  view  has  been 
founded,  namely,  that  the  addition  of  oxygen  to  the  atmospheric  air 
does  not  affect  the  normal  metabolism,  were  made  on  normal  resting 
individuals.  But  the  processes  of  life,  even  in  the  normal  individual, 
and  even  while  at  rest,  cannot  be  represented  by  a  straight  line. 
The  processes  vary  continuously  within  certain  limits;  that  is  life. 
These  variations  in  the  demands  have  to  be  met  by  variations  in  the 
supplies  which  have  to  be  ready  in  store  to  the  extent  corresponding 
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to  the  maximum  limits  of  the  demands  of  normal  life.  The  7  or  8 
per  cent,  surplus  of  oxygen  in  the  atmospheric  air  is  apparently  suf- 
ficient to  meet  the  maximum  demands  of  the  respiratory  function  of 
the  normal  individual  when  at  rest.  But  would  it  be  sufficient  to 
cover  the  demands  when  the  individual  is  engaged  in  hard  work? 
We  know  that  unusual  physical  effort  leads  to  shortness  of  breath,  to 
dyspnea.  Could  this  not  be  remedied  by  adding  oxygen  to  the  at- 
mospheric air  which  the  hardworking  person  has  to  respire?  This 
is  indeed  the  case,  a  fact  which  has  been  discovered  and  established 
by  Leonard  Hill4  and  his  co-workers.  Hill  and  Flack4  found  that 
inhalation  of  oxygen  makes  running  up  and  down  stairs  easier,  can  be 
accomplished  in  a  shorter  time,  relieves  the  feeling  of  dyspnea,  and 
restores  strikingly  the  vigor  after  fatigue  from  boxing,  etc.  They 
believe  that  the  fatigue  which  follows  an  athletic  feat  is  cardiac  in 
origin  and  due  to  want  of  oxygen.  Haldane,5  whose  great  merits  in 
the  elucidation  of  the  physiologic  relations  of  carbon  dioxid  to  the 
function  of  respiration  are  well  known,  was  inclined  to  explain  Hill's 
observation  as  a  result  of  the  deep  breathing  which  is  apt  to  occur  in 
persons  to  whom  oxygen  is  administered.  Haldane's  view  was  later 
refuted  by  new  experiments,  carried  out  by  Hill  and  Mackenzie,6 
which  brought  new  evidence  that  the  favorable  effects  that  they  have 
obtained  were  indeed  due  to  the  inhalation  of  oxygen. 

From  the  observations  of  Hill  we  learn  that  the  addition  of  oxygen 
to  atmospheric  air  exerts  a  favorable  influence  under  conditions  of 
greater  bodily  activities.  Is  inhalation  of  air  enriched  by  oxygen  also 
capable  of  exerting  a  favorable  influence  when  the  body  is  in  a  condi- 
tion of  rest  but  is  undergoing  pathologic  processes?  In  other  words,  is 
there  any  evidence  that  inhalation  of  oxygen  is  capable  of  exerting 
a  therapeutic  effect?  This  question  concerns  a  wider  field  than  I 
intend  to  cover  in  this  paper.  There  is  no  doubt  now  as  to  the  thera- 
peutic value  of  inhalation  of  air-oxygen  mixtures  in  cases  of  poisoning 

4.  Hill  and  Flack:  The  Influence  of  Oxygen  on  Athletes,  1909,  38,  Jour.  Physiol., 
28. 

5.  Haldane,  J.  S.:  The  Effects  of  Previous  Forced  Breathing  and  Oxygen  In- 
halation on  the  Distress  Caused  by  Muscular  Work,  Jour.  Physiol.,  1909-1910, 
39,  Proc.  Physiol.  Soc,  London,  1. 

6.  Hill  and  Mackenzie:  Jour.  Physiol.,  1909-1910,  39,  Proc.  Physiol.  Soc.  33. 
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by  gases  that  affect  the  normal  condition  of  the  hemoglobin.  But 
I  wish  to  confine  my  remarks  to  the  use  of  oxygen  in  certain  types  of 
diseases.  Here  we  encounter  a  very  unsatisfactory  situation.  On 
one  hand,  hardly  a  patient,  sick  with  a  respiratory  or  cardiac  disease, 
will  be  permitted  by  the  physician  in  attendance  to  die  without  trying 
oxygen  inhalation.  On  the  other  hand,  not  many  practitioners  will 
readily  admit  that  oxygen  is  doing  much  good  in  these  cases. 

Two  factors  are  at  the  bottom  of  the  skeptical  attitude  of  physi- 
cians toward  the  value  of  oxygen  as  a  therapeutic  agent.  In  the 
first  place,  many  clinicians  are  influenced  by  the  view  entertained  by 
the  great  majority  of  physiologists  that  the  addition  of  oxygen  to 
the  inhaled  air  is  incapable  of  exerting  a  physiologic  influence,  that 
it  does  not  affect  the  metabolism,  and  that  the  added  oxygen  returns 
unabsorbed.  Furthermore,  many  clinicians  and  pharmacologists  are 
still  under  the  influence  of  the  teaching  that  there  is  no  fundamental 
difference  between  physiologic  and  pathologic  processes.  In  this 
connection,  the  present  attitude  of  the  physiologist  Haldane  is  very 
instructive.  As  stated  above,  Haldane  doubted  that  the  favorable 
influence  which,  according  to  Hill,  the  administration  of  oxygen  exerts 
on  the  work  of  athletes  is  due  to  oxygen.  Very  recently,  however, 
Haldane7  came  out  strongly  for  the  administration  of  oxygen  in  in- 
flammatory conditions  of  the  lungs.     He  says: 

It  may  be  argued  that  such  measures  as  the  administration  of  oxygen  are  at 
the  best  only  palliative  and  of  no  use,  since  they  do  not  remove  the  cause  of  the 
pathological  conditions.  As  a  physiologist,  I  cannot  for  a  moment  agree  with  this 
reasoning.  The  living  body  is  no  machine,  but  constantly  tending  to  maintain 
or  to  revert  to  the  normal,  and  the  respite  afforded  by  such  measures  as  the  tem- 
porary administration  of  oxygen  is  not  wasted,  but  utilized  for  recuperation. 

The  second,  and  probably  the  more  influential  factor,  is  the  actual 
fact  that  practitioners  rarely  see  any  favorable  effect  that  may  have 
been  brought  about  by  the  administration  of  oxygen.  But  the  gen- 
eral conclusion  drawn  from  this  fact,  namely,  that  the  inhalation  of 
oxygen  is  incapable  of  exerting  a  favorable  influence  in  pathologic  con- 
ditions, is  unjustifiable.  The  failure  to  see  such  an  influence  is  prob- 
ably due  essentially  to  the  inefficient  method  of  administration.     In 

7.  Haldane:  Brit.  Med.  Jour.,  Feb.  10,  1917.    Benedict  and  Higgins  (Note  1). 
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most  instances  oxygen  is  given  in  a  weak  current  through  a  funnel 
which  is  kept  an  inch  or  more  from  the  mouth  of  the  patient.  Under 
these  conditions  we  can  hardly  speak  of  "inhalation  of  oxygen." 
The  atmospheric  air  which  the  patient  actually  inhales  is  probably 
not  richer  by  more  than  2  per  cent,  of  oxygen,  if  by  so  much.  On  the 
other  hand,  the  funnel  may  be  instrumental  in  making  the  inspired 
air  richer  in  carbon  dioxid  and  surely  makes  the  air  over  the  face 
warmer,  an  unpleasant  sensation  to  the  patient,  who  prefers  to  be 
fanned  and  cooled  off.  Therefore,  we  often  see  the  patient  pushing 
the  funnel  away  or  turning  the  head  away  from  it. 

The  Author's  Apparatus  and  Experience  in  the  Use  of  It. 

My  personal  experience  dates  back  about  two  years.  I  was  called 
up  one  night  by  a  very  unhappy  mother  who  told  me  that  her  only 
son  was  dying  and  begged  me  to  come  over.  The  athletic  young  man 
of  25  years  was  sick  with  pneumonia,  Type  II.  I  arrived  at  about 
2  a.m.  and  found  several  physicians  around  the  patient,  who  was 
unconscious  and  deeply  cyanotic.  Respiration  was  rapid  and  very 
shallow.  He  had  no  corneal  reflex  and  there  was  a  thready  pulse  of 
about  190  per  minute.  The  patient  was  apparently  dying  and  the 
physicians  expected  death  to  take  place  within  the  next  ten  or  fifteen 
minutes.  Nurses  were  administering  oxygen  in  the  usual  manner, 
that  is,  through  a  paper  funnel,  kept  at  some  distance,  the  gas  bub- 
bling through  a  wash  bottle  at  a  moderate  pace.  I  discon- 
nected the  rubber  tube  from  the  foot  bellows  of  my  pharyngeal  in- 
sufflation apparatus8  that  I  brought  along  with  me,  and  connected  it 
with  an  oxygen  cylinder.  I  then  inserted  the  pharyngeal  tube  in  the 
mouth  (not  in  the  pharynx),  turned  on  the  oxygen  and  started  work- 
ing the  respiratory  valve.  Within  a  short  time  after  the  beginning 
of  the  oxygen  insufflation  in  the  new  manner,  the  cyanosis  disappeared 
and  the  face  of  the  patient  became  actually  pink.  Several  minutes 
after  the  discontinuance  of  the  insufflation,  the  cyanosis  began  to 

8.  Meltz'er,  S.  J.:  History  and  Analysis  of  Methods  of  Resuscitation,  Med. 
Rec,  New  York,  July  7,  1917;  Pharyngeal  Insufflation,  a  Simple  Method  of  Arti- 
ficial Respiration,  The  Journal  A.  M.  A.,  May  11,  1912,  p.  1413;  Simple  Devices 
for  Effective  Artificial  Respiration  in  Emergencies,  ibid.,  May  10,  1913,  p.  1407. 
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reappear  gradually.  In  the  course  of  the  next  five  hours  the  experi- 
ment was  repeated  numerous  times  and  invariably  with  the  same 
result,  that  is,  the  cyanosis  disappeared  promptly  during  the  insuffla- 
tion of  oxygen  and  reappeared  several  minutes  after  cessation  of  the 
insufflation.  There  was  no  perceptibly  favorable  influence  on  the 
other  symptoms  of  the  patient,  except  perhaps  on  the  pulse.  In  the 
morning  hours  it  came  down  to  180  per  minute  and  was  perhaps 
slightly  fuller.  At  any  rate,  in  the  bedside  parlance,  it  could  be 
honestly  stated  that  "the  patient  was  holding  his  own."  The  waste 
of  the  gas  was  considerable.  A  tank  of  oxygen  was  used  up  in  a  short 
time.  About  7:30  in  the  morning  the  supply  of  oxygen  of  the  neigh- 
boring drug  stores  became  exhausted,  and  it  took  some  time  before 
another  tank  of  oxygen  could  be  procured.  Five  minutes  after  the 
last  insufflation  had  to  be  discontinued  the  heart  stopped  suddenly. 
The  resumption  of  the  insufflation  of  oxygen  about  ten  minutes  later 
had  no  effect  whatever. 

This  patient  was  not  saved;  but  nobody  could  have  expected  it 
when  beginning  treatment  at  that  terminal  stage.  His  life, however, 
seemed  to  have  been  prolonged,  and  it  is  impossible  to  state  how  much 
longer  death  would  have  been  deferred,  if  the  supply  of  oxygen  had 
not  given  out.  But  this  is  an  insignificant  issue  compared  with  the 
fact  that  the  insufflation  exerted  an  unmistakable  effect  on  the  pro- 
found cyanosis.  Cyanosis,  of  whatever  origin  and  nature,  is  a  sure 
evidence  that  the  respiratory  function  is  profoundly  disturbed.  In 
the  present  case  the  cyanosis  promptly  disappeared  on  the  adminis- 
tration of  oxygen  by  the  new  method.  Although  we  are  dealing 
with  only  one  case,  each  instance  in  this  case  in  which  the  cyanosis 
disappeared  on  the  insufflation  of  oxygen  and  reappeared  on  stopping 
the  insufflation  presents  a  complete  experiment,  an  experiment  that 
we  were  able  to  repeat  at  will.  We  made  more  than  a  dozen  such 
experiments,  and  the  results  were  invariably  the  same.  These  ex- 
periments permit  at  least  the  provisional  conclusion  that  the  insuffla- 
tion of  oxygen  by  the  method  employed  in  this  case  affects  favorably 
the  function  of  respiration  when  it  is  pathologically  profoundly 
disturbed. 

In  the  case  here  mentioned  the  apparatus  employed  was  provi- 
sionally arranged  and  applied  in  great  haste  without  consideration  for 
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the  great  waste  of  oxygen  and  other  shortcomings.  After  observing 
the  results,  which  seemed  to  be  very  encouraging,  I  devised  a  special 
apparatus  for  our  purpose  which  is  simple,  inexpensive  and  works 
very  satisfactorily. 

The  thick  walled  rubber  tubing  that  is  connected  with  an  oxygen 
tank  terminates  in  a  strong  rubber  bag  which,  at  its  distal  end,  is  con- 
nected with  the  proximal  end  of  the  respiratory  valve.9  The  distal 
end  of  the  last  named  device  is  connected  by  means  of  a  short  piece 
of  rubber  tubing  with  a  flat  metal  tube  which  we  may  designate  as  a 
"hollow  tongue  depressor."  If  the  ring  of  the  respiratory  valve  is 
kept  in  the  inspiratory  position  (right  side),  when  the  oxygen  is 
turned  on,  the  gas  streams  through  the  tube  into  the  bag  and  from 
there  escapes  through  the  respiratory  valve  and  the  tongue  depressor. 
If  the  ring  is  kept  in  the  inspiratory  position  (left  side)  the  oxygen 
cannot  pass  through  the  respiratory  valve,  and  accumulates  within 
the  bag.  The  accompanying  illustration  shows  the  last  mentioned 
position. 

The  tongue  depressor  should  be  inserted  in  the  "mouth  not  much 
farther  than  the  middle  of  the  tongue,  so  that,  if  the  patient  is  con- 
scious, the  presence  of  the  depressor  may  cause  no  gagging  or  other 
discomforts.  The  lips  should  be  kept  closed.  The  ring  should  be 
moved  from  left  to  right  and  from  right  to  left  (a  respiratory  circle) 
about  twelve  times  per  minute.  The  oxygen  should  be  turned  on 
slowly,  and  the  velocity  of  its  escape  should  be  controlled,  so  that  it 
does  not  cause  an  overdistention  of  the  bag  during  the  expiratory 
pause.  The  turning  of  the  ring  to  the  right  should  be  done  slowly, 
so  that  the  inspiration  may  develop  gradually;  the  turning  to  the 
left  is  preferably  done  abruptly.  The  expiratory  air  escapes  during 
the  closure  of  the  valve  through  the  nose  and  through  the  aperture 
that  appears  above  the  closed  valve  when  the  ring  occupies  an  expira- 
tory position.  It  is  advisable  to  time  the  inspiratory  insufflation 
synchronously  with  the  inspirations  of  the  patient.  However.  I  found 
that  after  a  while  the  respiratory  phases  of  the  patient  become  invol- 
untarily adapted  to  the  phases  of  the  insufflation. 

9.  A  description  of  this  device  is  contained  in  the  Medical  Record,  New  York, 
July  7,  1917. 
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I  have  tested  on  myself  the  action  of  insufflation  of  oxygen  by 
means  of  this  apparatus.  When  the  insufflation  is  carried  on  under 
moderate  pressure,  there  are  no  unpleasant  sensations  whatever. 
When  it  is  done  under  too  much  pressure,  the  surplus  of  oxygen  es- 
capes through  the  nose  and  never  enters  the  esophagus;  but  it  causes 
some  unpleasant  sensations  which  conscious  patients  will  probably 
not  be  willing  to  stand  for  any  length  of  time. 

My  chest  was  examined  by  auscultation  while  I  was  receiving 
oxygen  insufflation.  It  was  found  that  each  insufflation  produced  a 
distinct  inspiratory  blowing  sound  which  was  distinctly  recognized 
even  while  I  was  holding  my  breath.  It  seemed,  further,  that  the 
oxygen  was  capable  of  entering  my  lungs  even  when  I  was  endeavoring 
to  keep  the  glottis  in  a  state  of  adduction.  Some  other  objective  and 
subjective  effects  of  the  insufflation  experiments  on  myself  will  be 
mentioned  later. 

The  results  of  the  observations  made  by  the  method  of  auscultation 
induced  me  to  make  a  few  experiments  on  animals.  In  deeply  anes- 
thetized cats,  with  the  thorax  split  transversely,  the  insufflation  by 
means  of  the  apparatus  was  sufficient  to  distend  the  lungs  moderately 
with  each  insufflation,  even  when  the  "tongue  depressor"  was  in- 
serted in  the  mouth,  as  in  the  human  being,  not  farther  than  the 
middle  of  the  tongue.  It  appeared,  however,  that  when  the  tongue 
depressor  was  kept  at  that  position,  life  could  not  be  kept  up  indefi- 
nitely. When  the  tongue  depressor  was  inserted  in  the  pharynx,  the 
oxygen  entered  readily  the  gastrointestinal  canal,  which  had  to  be 
prevented  by  keeping  the  abdomen  compressed.  With  this  precau- 
tion the  artificial  respiration  was  excellent  and  the  animals  remained 
in  good  condition.  But  in  this  arrangement  the  method  is  identical 
with  the  method  of  intrapharyngeal  insufflation  that  I  have  described 
elsewhere,  and  is  not  applicable  to  conscious  patients. 

Dr.  A.  L.  Meyer  of  our  laboratory  performed  on  himself  a  couple  of 
experiments  with  the  apparatus.  After  having  been  insufflated  for 
about  eight  minutes,  he  analyzed  his  expiratory  air  at  the  end  of  the 
insufflations  and  found  it  to  consist  of  nearly  pure  oxygen.  The  ni- 
trogen of  the  atmospheric  air  was  displaced  by  the  oxygen. 

The  foregoing  observations  demonstrate  that  by  using  the  "ap- 
paratus for  oral  insufflation  of  oxygen"  under  moderate  pressure,  oxy- 
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gen  undoubtedly  enters  the  lungs,  assists  in  distending  them  dur- 
ing inspiration,  and  displaces  largely  the  nitrogen  of  the  "dead  space." 
The  assistance  that  it  renders  to  the  inspiration  ought  to  be  of  special 
value  when  the  respiration  of  the  patient  is  very  shallow.  The  rhyth- 
mic character  of  the  insufflation  is,  on  the  other  hand,  of  value,  as  it 
does  away  with  the  resistance  which  the  pressure  of  the  continuous 
insufflation  undoubtedly  offers  to  the  expiration,  especially  when, 
owing  to  the  low  vitality  of  the  patient,  the  expiratory  efforts  fail 
to  get  succor  from  the  activity  of  the  expiratory  muscles.  Haldane 
administers  the  oxygen  by  means  of  a  mask.  The  interruption  of  the 
continuous  stream  of  oxygen  in  his  method  depends  on  the  force  of 


The  oral  insufflation  apparatus.  The  rubber  tubing  which  is  connected  with 
an  oxygen  tank  terminates  at  its  distal  end  in  a  strong  rubber  bag,  which  in  turn  is 
connected  with  the  "respiratory  valve."  The  ring  of  this  device  occupies  in 
this  illustration  an  expiratory  position;  hence  the  distention  of  the  bag.  Above 
the  ring  an  aperture  can  be  seen,  which  appears  only  when  the  valve  is  closed 
(expiratory  position).  The  respiratory  valve  is  connected  at  its  distal  end  by 
means  of  a  short  piece  of  rubber  tubing  with  the  hollow  "tongue  depressor." 
The  T  tube  is  here  unessential. 

the  expiration,  which  is  expected  to  close  a  mica  valve  and,  at  the  same 
time,  prevents  the  entrance  of  the  expiratory  air  into  the  bag  thai 
stores  up  the  oxygen.  I  developed  my  simple  apparatus  about 
eighteen  months  previous  to  the  appearance  of  the  communication 
of  Haldane.     I  then  gave  up  the  use  of  the  mask  even  in  my  pharyn- 
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geal  apparatus,  mainly  because  it  it  liable  to  drive  some  deleterious 
material  tlv.it  may  be  present  in  the  nasal  and  the  postnasal  cavities 
into  the  trachea  and  the  lungs,  there  causing  an  infectious  inflamma- 
tion. Hill  and  Mackenzie6  stated  that  in  giving  oxygen  during  ath- 
letic work  they  did  not  use  the  mask,  because  it  increases  the  dead 
space.  In  dealing  with  sick  persons  some  other  points  must  be  re- 
garded as  more  important.  Either  the  patient  is  already  uncon- 
scious, in  which  case  the  respiration  will  be  shallow  and  the  expiratory 
force  will  be  insufficient  to  close  the  valves  and  overcome  the  pressure 
within  the  bag.  Or  the  patient  is  still  conscious  and  he  will  surely  feel 
the  face  piece,  which  fits  over  mouth  and  nose  and  is  kept  in  position 
by  an  elastic  strap,  as  a  great  inconvenience,  and  will  not  tolerate  it. 
Haldane  says  he  had  but  few  opportunities  to  give  his  method  a 
practical  trial,  but  he  reports  that  in  a  case  of  valvular  disease  he  has 
seen  the  cyanosis  "clear  up  at  once  on  the  administration  of  oxygen." 
There  is  some  other  difference  between  Haldane's  method  and  mine. 
By  Haldane's  arrangement  the  oxygen  is  accumulated  in  a  bag  of 
thin  vulcanized  rubber.  This  oxygen  enters,  then,  through  mouth 
and  nose,  under  comparatively  low  pressure,  and  it  was  not  established 
whether  the  stream  enters  the  lungs  with  any  force  capable  of  causing 
any  degree  of  artificial  inspiration.  The  bag  in  our  apparatus,  on  the 
other  hand,  has  thick  walls  and  drives  out  the  oxygen  under  a  pres- 
sure which  is  sufficient,  as  we  have  previously  shown,  to  cause  a 
deeper  inspiration  and  as  a  consequence  also  a  stronger  expiration. 
Haldane  says  that  he  knows  from  experiments  on  himself  and  others 
that  the  immediate  effect  of  suddenly  giving  an  abundance  of  oxy- 
gen may  sometimes  be  unpleasant.  I  have  taken  oxygen  many  times 
by  means  of  my  apparatus  and  sometimes  as  long  as  eighty  minutes, 
and  never  felt  any  unpleasantness  from  it.  Under  stronger  pressure 
and  prolonged  insufflation  there  might  arise  a  sensation  of  dryness. 
This  can  be  easily  remedied  by  interpolating  between  the  oxygen 
tank  and  the  bag  a  wash  bottle  containing  a  Ringer  solution.  I 
agree,  however,  with  Haldane  that  the  oxygen  should  be  turned  on 
slowly. 

Not  being  any  longer  in  private  and  hospital  practice,  I  am  not 
in  the  favorable  situation  to  have  many  opportunities  for  testing 
personally  the  value  of  the  method.     I  am,  nevertheless,  in  a  posi- 
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tion  to  report  encouraging  and  instructive  results  obtained  in  a  few 
cases,  three  of  which  were  observed  at  the  Rockefeller  Hospital.  I 
have  to  thank  Dr.  Chickering  for  the  details  in  these  cases.  The 
first  case  was  a  most  gratifying  one.  One  forenoon  in  November, 
1916,  Dr.  Cole,  the  director  of  the  hospital,  telephoned  to  our  labo- 
ratory asking  me  to  come  over  and  administer  oxygen  with  my  appara- 
tus to  a  pneumonia  patient.  To  my  reply  that  I  would  be  over  in 
half  an  hour,  as  I  had  to  finish  an  experiment,  Dr.  Cole  remarked  that 
in  all  probability  it  would  then  be  too  late.  I  went  over  immediately 
and  started  the  administration  of  oxygen  by  means  of  the  oral  insuf- 
flation. That  patient  recovered.  Concerning  the  details  of  that 
case  I  shall  quote  Dr.  Chickering. 

Report  of  Cases. 

Case  1. — The  patient  came  in  on  the  second  day  of  his  disease  having  signs  of 
consolidation  of  both  lower  lobes  of  the  lungs.  ...  A  Type  II  pneumococ- 
cus  was  recovered  from  the  sputum  .  .  .  He  was  treated  with  ethyl-hydro- 
cuprein  (optochin)  on  the  third  day  of  his  disease,  and  this  treatment  was  con- 
tinued during  the  fourth,  fifth,  sixth  and  seventh  days  .  .  .  partly  by 
mouth  and  partly  intramuscularly.  On  the  fourth  day  of  his  disease  the  patient 
appeared  extremely  ill,  temperature  being  103.4  F.,  pulse  152,  and  respiration 40. 
He  was  delirious,  color  was  ashy  gray,  lips  and  finger  tips  very  cyanotic  and  tra- 
cheal rales  were  marked.  At  10.45  a.  m.  the  patient  was  given  oxygen  according 
to  Dr.  Meltzer's  method  intermittently  for  about  two  hours.  While  the  oxygen 
was  being  given,  his  color  changed  surprisingly;  his  lips  and  ears  lost  their  cyanotic 
color  and  took  on  a  pinkish  tint,  and  his  general  condition  seemed  decidedly  im- 
proved. The  following  morning  the  patient's  temperature  and  pulse  were  lower, 
100.5  F.,  pulse  104  and  the  respirations  32.  His  temperature  gradually  came 
down  by  lysis  to  normal  on  the  twelfth  day  of  his  disease.  Convalescence  was  un- 
interrupted, no  complications  developing  except  a  moderate  amount  of  sterile 
pleural  effusion  which  gradually  cleared  up  without  aspiration. 

Case  2. — The  patient  was  admitted,  Feb.  19,  1917,  and  the  oxygen  treatment 
was  begun  on  the  twelfth  day  of  the  disease,  one  hour  before  death,  February  28. 
The  patient  received  ethyl-hydrocuprein  treatment  every  day  from  the  fourth 
day  of  his  disease  to  the  twelfth,  the  day  of  his  death.  On  the  day  of  his  death, 
his  blood  culture  contained  innumerable  colonies  of  pneumococci  of  Type  II. 
"On  the  afternoon  of  his  death  his  color  suddenly  changed  .  .  .  and  severe 
cyanosis  developed."  Oxygen  treatment  was  started.  "While  the  oxygen  was 
being  administered,  patient's  cyanosis  became  less  intense,  but  as  soon  as  the 
oxygen  was  stopped  cyanosis  rapidly  returned." 


98  OXYGEN  INSUFFLATION 

Case  J.— The  patient  was  admitted  to  the  hospital,  Feb.  25,  1917,  on  the  first 
day  of  the  disease.  "The  next  morning  the  whole  right  chest  was  involved  pos- 
teriorly, and  on  the  following  day  signs  appeared  anteriorly.  At  the  same  time 
the  left  chest  became  filled  with  fine  moist  rales.  From  the  sputum  an  atypical 
Type  II  pneumococcus  was  obtained.  Blood  culture  was  sterile,  blood  count 
29,000.  ...  On  the  fourth  day  of  the  disease  the  signs  became  more 
marked  for  the  left  lower  lobe;  the  temperature  rose  to  104.5  F.  and  the  pulse  to 
140.  The  patient  became  pale  and  cyanotic.  The  extremities  were  cold  and 
expirations  labored  and  moist.  Ethyl-hydrocuprein  was  begun  at  2  p.  m.,  and 
oxygen  at  3  p.  m.10  .      .     During  the  afternoon  the  pulse  rate  gradually  in- 

creased to  142  (8  p.  m.).  The  semicomatose,  delirious  condition  deepened  into 
unconsciousness  about  7  p.  m.  From  then  on,  the  color  could  be  maintained 
with  oxygen,  but  the  pulse  quality  became  poorer;  respirations  increased  from  44 
to  60,  and  the  patient's  throat  gradually  filled  with  mucus.  There  was  dulness 
over  the  left  lower  lobe,  with  rales  throughout  the  left  chest.  From  2  a.  m.  to  6 
a.m.  the  time  of  death,  it  was  necessary  to  use  oxygen  continually  in  order  to 
maintain  respiration.  If  the  oxygen  was  stopped  for  a  few  minutes  respiration 
became  more  shallow  and  slow,  and  a  dull  blue  flush  appeared  on  face.  This  im- 
mediately disappeared  with  more  oxygen.  Gradually  her  color  and  respiration 
failed  in  spite  of  continual  oxygen  and  the  pulse,  which  was  good  almost  to  the 
end,  because  more  feeble  and  gradually  less  rapid  until  it  failed  entirely  at  6  a.  m." 

COMMENT. 

In  these  three  cases  the  pneumonia  was  due  to  pneumococcus  of 
Type  II,  for  which  an  efficient  antiserum  has  not  yet  been  developed. 
In  all  three  cases  the  oxygen  treatment  was  instituted  very  late, 
when  the  condition  of  the  patient  already  appeared  to  be  quite  hope- 
less. Nevertheless  in  all  three  cases  the  oxygen  insufflation  mani- 
fested the  tendency  to  exert  a  favorable  influence.  Even  in  the  sec- 
ond case,  in  which  the  oxygen  treatment  began  only  one  hour  before 
death,  the  cyanosis  of  the  patient  became  less  intense  while  the 
oxygen  was  administered,  to  return  rapidly  when  the  oxygen  was 
discontinued.  This  favorable  effect  on  the  cyanosis  was  still  more 
striking  in  the  other  two  cases,  in  which  each  short  series  of  insuf- 
flations produced  a  change  of  color  which  outlasted  the  insufflation 
by  shorter  or  longer  periods.  In  the  first  case  the  face  had  a  leaden, 
ashy  gray  color  which  is  characteristic  for  oxygen  deficiency.11    This 

10.  In  the  first  few  hours  the  oxygen  was  administered  without  expiratory 
interruptions. 

11.  Haldane:  Brit.  Med.   Jour.,  Feb.  10,  1917. 
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color  disappeared  quite  soon  after  I  started  the  insufflation,  and 
the  face  gradually  assumed  rather  a  pinkish  appearance.  When  I 
first  saw  the  patient  I  understood  why  Dr.  Cole  thought  that  the 
administration  of  oxygen  after  half  an  hour  might  prove  to  be  too 
late.  I  had  little  hope  that  the  administration  of  oxygen  would 
save  the  life  of  the  patient.  He  was  unconscious,  had  no  corneal  or 
lid  reflex,  the  pulse  was  rapid,  small,  with  very  little  tension,  and  the 
tracheal  rales  had  the  death  sound.  Nevertheless,  that  patient 
recovered.  The  third  patient,  who  received  oxygen  insufflation  for 
about  fifteen  hours,  died;  the  pneumonia  in  this  case  was  very  exten- 
sive; it  spread  over  both  lungs.  But  here  again,  besides  the  pro- 
nounced action  on  the  cyanosis,  there  seems  no  doubt  that  the  oxy- 
gen insufflation  prolonged  the  patient's  life.  We  may  be,  in  fact,  we 
ought  to  be,  optimistic  enough  to  assume  that  in  conjunction  with 
the  use  of  some  other  efficient  or  even  only  semiefficient  remedies, 
early  insufflation  of  oxygen  may  offer  a  chance  even  to  patients  of 
this  type. 

The  third  patient  has  taught  another  favorable  lesson,  namely 
that  the  oral  insufflation  of  oxygen  may  assist  in  maintaining  respira- 
tion. In  the  last  few  hours  of  her  life,  when  the  insufflation  was 
stopped,  the  respiration  became  shallow  and  slow,  and  a  dull  blue 
flush  appeared  on  her  face  which  disappeared  as  soon  as  the  oral 
insufflation  was  begun  again.  It  acted  apparently  like  artificial  respi- 
ration. This  fact  reminds  me  of  the  statements  previously  made 
with  reference  to  the  auscultation  of  my  chest  while  receiving  oral 
insufflation,  and  to  the  behavior  of  the  lungs  in  animals  under  the 
same  condition. 

I  shall  record  further  observations  made  by  Dr.  Victor  Meltzer 
on  a  woman,  aged  60,  with  marked  arteriosclerosis  and  hypertension. 
For  the  last  two  years  she  was  most  of  the  time  subject  to  cardiac 
dyspnea  and  had  frequent  and  severe  attacks  of  pulmonary  edema. 
In  the  last  two  months  of  her  life,  oxygen  was  administered  to  her  by 
means  of  the  apparatus  for  oral  insufflation  during  the  attacks  of 
dyspnea  as  well  as  those  of  pulmonary  edema.  It  proved  to  be  of 
great  value,  and  afforded  the  patient  great  relief.  When  adminis- 
tered at  the  beginning  of  an  attack  of  edema,  not  infrequently  it 
prevented  its  full  development.  Among  the  most  noticeable  effects 
were  the  rapid  disappearance  of  cyanosis. 
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Before  concluding,  I  shall  record  briefly  two  observations  made  on 
myself.  For  experimental  purposes  I  had  oxygen  administered  to  me 
several  times  by  means  of  oral  insufflation  for  periods  lasting  between 
thirty  and  eighty  minutes.  Objectively  I  can  state  that  the  insuffla- 
tion brought  high  color  into  my  face,  which  was  noticed  by  persons 
who  did  not  know  of  my  experiment,  and  which  did  not  leave  me  for 
several  hours.  Subjectively  I  found  that  it  removed  the  sensation 
of  fatigue  and  that  I  felt  stimulated  for  the  rest  of  the  day.  Of 
course,  the  latter  fact  might  not  have  been  due  to  the  insufflation  of 
oxygen.  Not  infrequently  a  successful  experiment  may  bring  about 
similar  results.  At  any  rate,  both  facts  concern  the  problem  of  the 
possibility  of  a  physiologic  action  of  oxygen  when  administered  by 
rhythmic  oral  insufflation,  a  problem  which  I  shall  not  discuss  here. 

SUMMARY  AND  CONCLUSIONS. 

In  four  pathologic  cases  it  was  definitely  established  that  the  rhyth- 
mic oral  insufflation  of  oxygen  reduced  or  removed  promptly  the  cya- 
nosis, and  in  three  of  the  cases  the  patient  turned  even  pinkish  shortly 
after  the  insufflation  was  begun.  Without  doubt  these  prompt  effects 
must  be  ascribed  in  the  first  place  directly  to  the  action  of  oxygen. 
But  it  must  be  admitted  that  the  rhythmic  insufflation,  since  it  is 
capable  of  assisting  in  the  maintenance  of  the  respiration,  may  be 
helpful  in  the  ventilation  of  the  lungs  and  thus  helpful  also  in  the  re- 
moval of  some  of  the  accumulated  carbon  dioxid.  The  favorable  ac- 
tion of  the  insufflated  oxygen  may  be  explained  in  various  ways.  It 
may  simply  be  due  to  the  presence  of  the  oxygen  in  the  blood  serum 
in  greater  quantity,  as  a  consequence  of  the  greater  oxygen  tension  in 
the  alveolar  air.  It  may  be  further  assumed  that  in  certain  patho- 
logic conditions  the  hemoglobin  is  not  saturated  with  oxygen  and 
therefore  takes  it  up  readily  from  the  serum,  and  furthermore,  in  cer- 
tain stages  of  the  disease  the  oxygen  thus  taken  up  may  be  retained 
by  the  hemoglobin  for  shorter  or  longer  periods  even  after  the  oxygen 
tension  in  the  alveolar  air  and  in  the  serum  is  again  reduced.  The 
same  may  perhaps  be  said  of  the  other  vital  body  cells,  the  nerve  cells 
of  the  medulla  and  the  cells  of  the  circulatory  neuromuscular  appara- 
tus.    In  the  course  of  a  disease  either  the  cells  are  gradually  receiving 
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less  and  less  oxygen,  or  they  gradually  lose  the  capacity  for  storing 
up  oxygen,  or  both.     There  are  other  possibilities;  but  I  shall  not 
merely  speculate  as  to  which  of  these  possible  factors  were  the  effective 
elements  in  the  observations  previously  mentioned.     But  I  shall  point 
out  the  following  facts.     In  one  case  of  pneumonia  the  cyanosis  re- 
turned immediately  when  the  oxygen  insufflation  was  stopped.     In 
this  case  surely  the  vital  cells  had  no  longer  any  storing  capacity. 
This  patient  died  one  hour  after  the  insufflation  was  installed.     In 
the  case  of  another  patient  the  insufflation  had  at  first  a  marked  after- 
effect when  the  insufflation  was  discontinued,  but  gradually  this  stor- 
ing capacity  disappeared  and  the  patient  was  kept  alive  for  several 
hours  longer  by  continuing  the  insufflation  without  intermissions.     In 
this  patient,  when  the  insufflation  was  first  begun,  some  degree  of  stor- 
ing capacity  of  the  vital  cells  for  oxygen  was  still  present,  but  it  was 
on  its  down-hill  course,  which  the  oxygen  insufflation  could  neither 
revert  nor  stay.     In  my  first  patient  each  series  of  insufflations  was 
followed  by  a  period  of  freedom  from  cyanosis.     These  periods  were 
short,  but  for  five  hours  the  periods  did  not  become  shorter;  "the 
patient  held  his  own,"  and  he  died  suddenly  when  the  period  before 
oxygen  could  be  again  administered  became  too  long.     In  this  patient 
the  down- hill  course  was  stayed ;  whether  it  could  have  been  reverted 
by  further  administration  of  properly  timed  insufflations  of  oxygen 
was  at  that  time  more  than  doubtful.     But  the  condition  of  the 
fourth  patient,  who  actually  recovered,  was,  when  first  seen,  as  grave 
as  that  of  the  last  patient.     Nevertheless,  the  rhythmic  oral  insuffla- 
tion of  oxygen  not  only  stayed  the  dowivhill  course,  but  undoubtedly 
assisted  in  reverting  it  to  normal. 

To  recapitulate  briefly:  Four  cases  of  pneumonia  due  to  pneumo- 
coccus  Type  II  were  treated  by  oral  insufflation  of  oxygen.  In  all 
cases  the  treatment  began  when  the  condition  of  the  patients  was 
already  very  grave  and  apparently  hopeless.  In  all  cases  the  cyano- 
sis improved  soon  after  the  insufflation  was  started.  In  one  case  the 
cyanosis  returned  immediately  after  the  insufflation  was  stopped. 
There  was  apparently  no  more  storing  capacity  whatsoever  for  oxy- 
gen. That  patient  died  one  hour  after  the  beginning  of  the  treatment. 
In  the  second  case  there  was  at  the  beginning  a  definite  storing  ca- 
pacity for  oxygen  which,  however,  gradually  disappeared.     The  life 
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ot  that  patient  was  then  kept  up  for  several  hours  by  continually 
administering  the  (rhythmic)  insufflation  of  oxygen.  In  a  third  case 
the  storing  capacity  was  small  but  remained  unchanged  for  five  hours. 
The  patient  died  during  a  prolonged  period  when  oxygen  could  not  be 
readily  procured.  The  fourth  case,  which  practically  was  as  hopeless 
as  any  of  the  foregoing,  showed  a  definite  reversion  in  the  direction  of 
recovery  about  two  hours  after  the  treatment  by  means  of  oral  in- 
sufflation of  oxygen  was  begun. 

It  seems  justifiable  to  assume  that  the  period  of  definite  cyanosis  is 
preceded  by  a  more  or  less  long  period  during  which  the  capacities 
for  taking  up  oxygen,  and  storing  it,  by  the  vital  cells,  are  gradually 
getting  impaired;  and  it  is  further  justifiable  to  assume  that  during 
early  pathologic  periods  the  insufflation  of  oxygen  may  be  capable  of 
restoring  these  capacities  to  their  normal  extent  more  frequently  and 
efficiently  than  during  later  stages.  The  early  insufflation  might 
thus  be  the  means  of  preventing  the  disease  from  reaching  the  stage 
of  cvanosis.  In  other  words,  early  administration  of  oral  insufflation 
in  pneumonia  and  similar  diseases  may  prove  to  be  a  real  therapeutic 
measure.  In  normal  conditions  the  individual  inhales  air  which  con- 
tains about  30  per  cent  oxygen  above  the  physiologic  need.  This 
surplus  presents  the  factor  of  safety  for  the  healthy,  moderately  active 
individual.  During  sickness  that  gradually  leads  to  respiratory  in- 
sufficiency, the  loss  of  the  capacity  of  the  vital  body  cells  for  taking  up 
and  storing  oxygen,  the  factors  of  safety  for  this  vital  gas  ought  to  be 
then  considerably  larger  than  in  normal  conditions.  It  is  true  that, 
experimentally,  we  shall  be  the  losers.  If  the  patient  recovers  under 
early  administration  of  oxygen  insufflation,  we  shall  in  most  cases  be 
deprived  of  the  absolute  evidence  that  the  recovery  was  actually  due 
to  the  treatment.  But  we  must  give  the  benefit  of  doubt  to  the 
patient. 

I  recommend,  therefore,  that  in  pulmonary  and  cardiac  disease 
oxygen  should  be  administered  by  means  of  the  oral  insufflation  sev- 
eral times  a  day  at  an  early  period  when  there  is  not  yet  an  urgent 
necessity  for  it.  ( >xygen  should  not  be  considered  as  a  terminal  meas- 
ure. On  the  other  hand,  it  ought  to  be  emphasized  that  oxygen 
should  not  be  considered  as  a  specific,  and  its  use  should  by  no  means 
eliminate  the  use  of  other  promising  remedies.     On  the  contrary,  oxy- 
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gen  may  make  the  body  cells  more  amenable  to  the  curative  action 
of  other  therapeutic  agents.  Furthermore,  the  oral  insufflations  offer 
a  chance  to  other  therapeutic  agents  to  develop  their  favorable 
action. 


[Reprinted  from  The  Journal  of  Biological  Chemistry,  September,  1917,  Vol.  xxxi, 

No.  3,  pp.  591-598.] 


THE  STRUCTURE  OF  YEAST  NUCLEIC  ACID. 

By  P.  A.  LEVENE. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  26,  1917.) 

Levene  and  Jacobs  have  formulated  the  structure  of  yeast  nucleic 
acid  as  a  tetranucleotide.  The  facts  that  led  up  to  their  formulation 
were: 

1.  The  formation  of  four  nucleosides  on  neutral  or  ammonia 
hydrolysis. 

2.  The  formation  of  simpler  nucleotides  on  hydrolysis  with  dilute 
mineral  acids. 

3.  The  presence  of  a  phosphorus  to  nitrogen  ratio  which  agreed 
quite  well  for  the  tetranucleotide  theory. 

4.  The  ratio  of  amino  to  total  nitrogen  in  nucleic  acid  was  in  har- 
mony with  the  ratio  required  by  the  four  bases,  guanine,  adenine, 
uracil,  and  cytosine. 

The  mode  of  linkage  between  the  individual  nucleotides  was  at 
that  time  not  determined,  and  in  the  graphic  formula  representing 
the  nucleic  acid  the  linkage  of  the  nucleotides  was  of  a  provisional 
character  and  arbitrary  in  nature. 

Following  that,  the  studies  of  Levene  and  Jacobs  on  thymus  nucleic 
acid  led  to  methods  which  permitted  the  separation  and  the  study 
of  individual  mono-  and  dinucleotides  composing  the  complex  nucleic 
acids.  Levene  and  Jacobs  then  returned  to  the  study  of  yeast  nu- 
cleic acid,  applying  the  experience  gained  on  the  thymus  nucleic 
acids.  They  then  directed  their  attention  to  the  nucleotides  ob- 
tained by  acid  hydrolysis  of  the  yeast  nucleic  acid.  A  large  quan- 
tity of  the  material  was  prepared  and  transformed  into  the  brucine 
salt.  Other  work,  however,  made  a  demand  on  their  energies,  and 
the  work  on  the  nucleotides  was  somewhat  neglected.  However,  in 
course  of  the  present  academic  year  the  work  has  been  resumed. 
There  were  on  hand  125.0  gm.  of  the  brucine  salts  when  the  work  was 
begun. 
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Meanwhile  Dr.  Walter  Jones  and  his  coworkers  published  several 
important  publications  on  the  structure  of  yeast  nucleic  acid.  The 
basis  of  their  work  is  the  conception  of  the  nucleic  acid  molecule  as 
expressed  by  Levene  and  Jacobs. 

The  work  of  Jones  deals  specifically  with  the  mode  of  linkage  be- 
tween individual  nucleotides;  Jones  accepts  a  tetraribose  of  the  struc- 
ture ((C5Hio05)4  -  3H20)  as  the  nucleus  of  the  molecule.  In  this  nu- 
cleus all  the  carbonyl  groups  of  course  must  be  free,  since  this  is  de- 
manded by  the  existence  of  nucleosides.  Dr.  Jones  bases  his  conclusion 
on  two  arguments:  one  is  a  proof  by  analogy;  namely,  the  wide  dis- 
tribution of  polysaccharides  in  nature;  the  other  is  the  discovery  by 
him  of  dinucleotides  in  which  four  of  the  hydroxyls  of  the  phosphoric 
acid  are  free.  The  first  argument  does  not  seem  valid,  since  accord- 
ing to  present  knowledge  all  the  polysaccharides  in  nature  have  a  glu- 
cosidic  structure,  and  the  one  assumed  by  Jones  to  be  present  in  the 
molecule  of  nucleic  acid  can  be  constructed  only  through  ether  linkage. 
Just  because  a  proof  by  analogy  is  lacking,  all  the  greater  rigor  is 
required  from  the  experimental  evidence. 

There  have  appeared  three  papers  by  Jones  and  his  coworkers  deal- 
ing with  the  subject.  In  one,  Jones  and  Richards  claim  to  have  cleaved 
the  molecule  of  yeast  nucleic  acid  into  two  large  fractions,  guanine- 
cytosine  dinucleotide,  and  adenine-uracil  dinucleotide.  However, 
the  authors  admit  that  the  dinucleotides  were  not  isolated  in  pure 
form. 

In  a  second  paper  Jones  and  Germann  claim  to  have  accomplished 
by  ammonia  hydrolysis  the  same  cleavage  as  Jones  and  Richards 
had  accomplished  by  enzymes.  However,  from  the  fraction  named 
guanosine-cytosine  only  guanylic  acid  was  obtained.  The  adenine- 
cytosine  fraction  analyzed  for  the  dinucleotide  and  a  brucine  salt 
obtained  from  it  analyzed  satisfactorily  for  the  same  substance.  The 
uracil  nucleotide  was  not  traced. 

In  a  third  paper  Jones  and  Read,  following  closely  the  directions  of 
Levene  and  Jacobs,  prepared  the  pyrimidine  nucleotide  fraction  pre- 
viously obtained  by  these  authors.  Jones  and  Read  converted  it  into 
the  brucine  salt  and  found  the  analytical  data  of  this  substance  to 
agree  with  that  of  cytosine-uracil  dinucleotide. 

Thus  the  principal  argument  of  Jones  and  his  coworkers  in  favor 
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of  the  dinucleotide  structure  of  their  substances  is  based  on  the  analy- 
sis of  the  brucine  salts.  The  alkaloid  brucine  was  introduced  into 
the  study  of  nucleotides  by  Levene  and  Jacobs.  The  advantage  of 
this  reagent,  as  seen  by  them,  consisted  in  the  fact  that  it  permitted 
fractionation  of  the  brucine  salts  of  nucleotides  not  only  out  of  water, 
but  also  out  of  ethyl  or  methyl  alcohol.  The  separation  of  the  cyto- 
sine  and  thymine  nucleotides  of  the  thymus  nucleic  acid  was  based 
on  this  property  of  the  brucine  salts.  Not  much  importance  was 
attributed  to  the  analytical  data  of  the  brucine  salts.  Indeed,  Jones 
did  not  exaggerate  the  value  of  the  analytical  data  of  the  brucine 
salts  when  he  criticized  the  work  of  Tannhauser.  Employing  the 
same  ammonia  hydrolysis  Tannhauser  thought  he  had  isolated  a  tri- 
nucleotide. Jones  took  exception  to  the  conclusion  on  the  basis  of  the 
fact  that  the  percentage  composition  of  the  brucine  salt  was  not  much 
different  from  that  of  the  brucine  salt  of  guanylic  acid. 

Levene  and  Jacobs,  in  their  previous  work  on  the  brucine  salts  of 
nucleotides,  formulated  the  following  requirement  as  a  test  of  the 
individuality  of  a  nucleotide.  First,  a  constant  composition  of  the 
brucine  salt  on  fractional  crystallization,  and  second,  a  conversion  of 
the  brucine  salt  into  a  barium  salt,  which  furnished  analytical  data 
agreeing  with  the  theory  for  the  assumed  substance.  This  seemed 
the  minimum  requirement. 

But  even  admitting  that  all  the  dinucleotides  of  Jones  and  cowork- 
ers actually  exist,  does  this  fact  necessarily  force  the  conclusion  of  a 
tetraribose  nucleus?  There  are  theoretically  possible  not  only  two 
but  six  ways  of  linkage  between  two  nucleotides.     They  are : 
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Forms  III  and  V  are  possible  of  existence  only  when  at  least  one  of 
the  two  bases  has  two  XH  groups  in  the  molecule  and  form  VI  when 
one  base  has  two  XH  groups  and  the  other,  one  XH  and  one  OH 
groups. 

In  the  first  three  forms  of  dinucleotides  there  are  less  than  four 
readily  ionizable  hydrogen  atoms.  They  should  form  di-  or  tribasic 
salts.  But  we  have  seen  in  guanylic  acid  the  readiness  with  which  a 
nucleotide  forms  a  basic  salt.  Furthermore,  dinucleotides  of  type  II 
were  shown  to  be  present  in  thymus  nucleic  acid. 

The  remaining  three  may  all  function  as  tetrabasic  acids.  Forms 
IV  and  V  may  be  regarded  as  the  two  most  probable  structures  for 
dinucleotides  forming  tetrabrucine  salts.  A  decision  between  these 
two  alternatives  must  be  based  on  either  experimental  data  or  on 
valid  theoretical  reasoning. 

These  possibilities  must  be  particularly  borne  in  mind,  because 
of  the  two  following  facts:  first,  in  purine  nucleotides  the  phosphoric 
acid  is  less  firmly  linked  to  the  nucleoside  than  in  pyrimidine  nucleo- 
tides; and  second,  pyrimidine  nucleotides  form  a  dinucleotide  more 
resistant  toward  hydrolytic  action  of  acids  than  the  purine  nucleo- 
tides.    The  latter  fact  was  first  shown  by  Levene  and  Jacobs  for 


P.    A.    LEVENE 


109 


thymus  nucleic  acid,  and  is  now  shown  to  hold  also  for  yeast  nucleic 
acid.  These  differences  in  behavior  are  surely  due  to  differences  in 
structure.  If  a  diribose  is  proven  to  exist  in  all  dinucleotides,  then 
the  difference  will  have  to  be  explained  by  the  differences  in  the  po- 
sition of  the  hydroxyl  groups  which  form  the  oxidic  linking  of  two 
molecules  of  ribose.  The  final  decision  on  the  details  of  the  structure 
of  dinucleotides  has  to  be  reserved.  All  these  considerations  make  it 
a  difficult  task  to  express  the  structure  of  yeast  nucleic  acid  in  a  graphic 
formula  without  any  arbitrary  elements.  If  such  a  one  is  desired,  it 
can  only  be  expressed  for  the  present  in  the  following  manner. 


OH. 
0=P- 

-CJHUO^ 

C6H4N50 

OH. 
0=P- 

oh/ 

-C4H8O4 

C4H4N3O 

OHv 

0==P- 
OH/ 

-C4H8O4 

C4H3N202 

OHx 
0=P- 

oh/ 

-C4H80, 

C6H4NB 

-H20 


-2H20 


In  the  present  communication  it  is  desired  to  report  on  the  cyto- 
sine-uracil  dinucleotide  prepared  some  time  ago.  The  crude  mate- 
rial was  prepared  nearly  5  years  ago  and  the  dinucleotide  was  isolated 
about  4  months  ago.  The  result  was  not  communicated  because 
more  light  on  the  mode  of  linkage  was  desired.  However,  because  of 
the  recent  publication  of  Jones  and  Read,  our  results  are  now  pre- 
sented. By  means  of  fractional  extraction  with  methyl  alcohol  the 
crude  brucine  salt  was  separated  in  several  fractions,  each  different  in 
composition.  The  fractions  that  came  closest  in  their  composition 
to  that  of  the  brucine  salt  of  the  cytosine-uracil  dinucleotide  were 
converted  into  a  crystalline  barium  salt.  The  analytical  data  of  the 
substance  agreed  with  the  theory  for  the  assumed  dinucleotide.  The 
ratio  of  the  amino  to  total  nitrogen  of  the  salt  agreed  with  the  theory 
for  the  barium  salt  of  the  dinucleotide.  The  melting  point  of  our 
brucine  salt  was  200°C.  (corrected).     The  physical  constants  of  our 
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substance  are  slightly  different  from  those  of  Jones  and  Read.  This 
is  not  surprising  since  Levene  and  Jacobs  have  already  shown  that 
the  crude  barium  salt  is  altered  in  composition  by  reprecipitation, 
and  it  is  now  also  shown  that  various  fractions  of  the  crude  brucine 
salt  vary  in  composition.  Furthermore,  we  are  not  aware  of  a  single 
instance  in  which  a  partial  hydrolysis  leads  to  products  of  only  one 
phase  of  hydrolysis.  As  a  rule,  under  such  conditions,  substances  of 
different  degrees  of  cleavage  are  formed.  Indeed,  in  the  partial  hy- 
drolysis of  thymus  nucleic  acid  Levene  and  Jacobs  have  shown  the 
presence  simultaneously  of  thymine-cytosine  dinucleotides  and  of  the 
mononucleotides  of  the  same  bases.  Whether  the  substance  of  Jones 
and  Read  or  ours  is  nearest  to  the  pure  dinucleotide  remains  to  be 
established. 

As  regards  the  mode  of  linkage  of  this  dinucleotide,  structure  IV 
may  perhaps  be  accepted,  however,  not  with  absolute  certainty,  as 
structure  V  cannot  be  excluded  without  further  proof.  However,  if 
structure  V  were  to  be  accepted  it  would  necessitate  the  acceptance 
of  a  union  between  a  hydroxyl  group  of  the  sugar  and  one  of  the  nitro- 
gen atoms  of  the  base.  Taking  into  consideration  the  structure  of 
the  two  bases  uracil  and  cytosine, 

(1)  HN-CO     (6)  (1)        N-CNH2     (6) 

II  II 

(2)  OC      CH     (5)     and     (2)     OC      CH         (5) 

I        II  I        II 

(3)  HN-CH    (4)  (3)     HN-CH         (4) 

and  further,  taking  into  consideration  the  fact  that  in  cytosine  the 
NH2  group  is  unsubstituted  and  that  therefore  cytosine  cannot  serve 
as  a  connecting  link  between  two  nucleotides,  then  uracil  would  have 
to  be  accepted  as  the  bridge  between  two  riboses  of  the  dinucleotide. 
Future  work  will  have  to  decide  between  the  two  structures.  This 
applies  also  to  the  pyrimidine  dinucleotide  from  thymus  nucleic  acid. 

EXPERIMENTAL. 

The  bulk  of  the  material  was  the  brucine  salts  prepared  about  5 
years  ago  from  the  barium  salts  described  by  Levene  and  Jacobs. 
50.0  gm.  of  the  brucine  salt  were  extracted  with  1,500  cc.  of  boiling 
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methyl  alcohol.  The  insoluble  part  was  successively  extracted  until 
the  insoluble  residue  did  not  perceptibly  lose  in  weight  on  two  suc- 
cessive extractions.  The  alcoholic  extracts  on  standing  at  25°C. 
formed  a  crystalline  deposit.  This  was  filtered,  and  the  filtrate  con- 
centrated to  dryness.  The  residue  was  recrystallized  out  of  water. 
Out  of  50.0  gm.  there  remained  14  gm.  as  the  difficultly  soluble  part. 
This  fractionation  was  carried  out  on  two  lots  of  50.0  gm.  each  of  the 
old  material,  and  on  two  smaller  samples  prepared  in  course  of  this 
year.  In  the  following  table  is  given  a  summary  of  the  analytical 
data  of  the  various  samples. 


Sample  No. 


Insoluble. 

1 

2 

3 

Soluble. 
4 

5 

6 

Theory-    for    dinu 
cleotide 


56.56 

56.20 
56.72 


58.18 

58.99 

58.47 
59.36 


5.89 

6.09 
6.18 


6.37 

6.68 

6.93 
6.73 


6.55 

6.62 
6.11 


8.05 

7.89 

9.05 
8.19 


2.85 

2.64 
3.17 


2.70 

2.79 

2.71 
2.80 


M.  P. 


Contracted 
178°C. 

Decomposed 
215°C. 


Contracted 

185°C. 
Decomposed 

200°C. 
Contracted 

185°C. 
Decomposed 

200°C. 


-0.02X100 
1X0.05 


=  4.0° 


•0.05X10.0 
.  1X0.05 


-10. 0C 


•0.13X5.0 
1X0.05 


=  -13.0° 


Samples  5  and  6  were  dissolved  in  warm  water  with  the  aid  of  a 
slight  excess  of  ammonia  and  shaken  in  a  separatory  funnel  with 
chloroform  to  remove  all  brucine.  To  the  brucine-free  solution  ba- 
rium hydroxide  was  added  in  slight  excess  over  the  quantity  theoreti- 
cally required  to  neutralize  the  acidity  of  the  nucleotide,  and  the  solu- 
tion was  repeatedly  evaporated  to  dryness  under  diminished  pressure 
until  all  ammonia  was  removed.  The  residue  was  then  dissolved  in 
water  and  neutralized  to  litmus  with  sulfuric  acid,  filtered  from  barium 
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sulfate,  and  concentrated  under  diminished  pressure  to  a  veiy  small 
volume  until  an  insoluble  white  precipitate  began  to  form.  On  cool- 
ing, the  precipitate  increased.  It  was  filtered,  dissolved  to  a  clear 
solution,  and  again  concentrated  to  a  small  volume.  This  time  a 
granular  precipitate  settled  out  which  under  the  microscope  con- 
sisted of  striated  plates  and  needles. 

0.0955  gm.  substance  required  for  neutralization  4.93  cc.  0.1  N  acid. 
0.1909    "  "         gave  0.0426  gm.  Mg2P207. 

0.0955     "  "  "   0.0464      "    BaSO, 

0.0966    "  "  "  0.0798   gm.  C02  and  0.276  gm.  H20. 

0.0020    "  "  "   in  Van  Slyke  micro-apparatus  0.59  cc.  N  at   14°C. 

and  748  mm. 

Calculated  for  t-.    ,     , 

Ci8RaN50i6P2Ba2+2H2O:  found.      . 

C 22.69  22.53 

H 2.62  3.19 

X 7.63  7.23 

P 6.76  6.24 

Ba 28.72  28.59 

XH2N 1.53  1.70 

The  optical  rotation  of  the  substance  in  2.5  per  cent  HC1  was: 

r   r-i      +  0.50°  X  2.5 

|ajD=  — j =  +  12.5°  for  the  barium  salt  =  -f  18.52° 

for  the  free  dinucleotide. 

BIBLIOGRAPHY. 

Jones,  W.,  and  Richards,  A.  E..  /.  Biol.  Chem.,  1914,  xvii,  71. 
Jones,  \Y.,  and  Germann,  H.  C,  /.  Biol.  Chem.,  1916,  xxv,  93. 
Jones,  W.,  and  Read,  B.  E.,  /.  Biol.  Chem.,  1917,  xxix,  123;  1917,  xxxi,  39. 
Levene,  P.  A.,  and  Jacobs,  W.  A.,  Ber.  chem.  Ges.,  1911,  xliv,  1027;  /.  Biol.  Chem., 
1912,  xii,  411. 


[Reprinted  from  The  Journal  of  Biological  Chemistry,  September.  1917,  Vol.  xx 

No.  3,  pp.  599-604.] 


THE  REMOVAL  OF  NITRIC  ACID   FROM   SOLUTIONS   OF 
ORGANIC  COMPOUNDS. 

By  P.  A.  LEVENE  and  G.  M.  MEYER. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  26,  1917.) 

The  lack  of  a  convenient  method  for  removing  nitric  acid  has  re- 
stricted to  a  minimum  its  use  in  organic  and  biological  chemistry  In 
this  laboratory  we  have  felt  the  disturbing  presence  of  nitric  acid 
particularly  in  the  preparation  of  the  salts  of  anhydrotalonic  and  an- 
hydrogalactonic  acids,  and  of  similar  substances. 

In  inorganic  analysis  several  methods  for  removing  nitric  acid  are 
used.  The  majority  of  them  are  based  on  the  process  of  reduction. 
Unfortunately  the  reduction  is  frequently  carried  out  under  condi- 
tions that  would  act  destructively  on  the  organic-  material,  if  any 
were  present.  The  problem  as  it  presented  itself  to  us  consisted  in 
the  selection  of  a  method  of  reduction  which  could  be  carried  out  in 
a  solution  with  a  reaction  in  the  neighborhood  of  neutrality  and  at 
ordinary  temperature.  Besides  it  was  desired  to  select  such  reagents 
as  were  readily  removable  from  the  solution. 

Of  the  reducing  agents  generally  recommended  for  this  purpose 
the  following  were  employed:  zinc  dust,  zinc-copper  couple,1  iron  and 
sulfuric  acid,2  and  aluminum  amalgam.3  By  means  of  zinc  dust  or 
zinc-copper  couple  in  solutions  approaching  neutrality  the  reduc- 
tion proceeded  very  slowly  and  never  reached  completion.  On  the 
other  hand,  by  means  of  aluminum  amalgam  the  reduction  is  com- 
pleted in  6  hours.  When  the  process  of  reduction  of  nitric  acid  by 
means  of  aluminum  amalgam  was  recommended  as  a  method  for  the 
quantitative  determination  of  nitric  acid,  it  was  assumed  that  the 
acid  was  reduced  completely  to  ammonia.  Under  the  conditions 
here  described  only  about  40  per  cent  of  the  nitric  acid  was  reduced 

1  Williams.  M.  \V..  J.  Chcm.  Soc.,  1881,  xxxix,  100,  144. 
-  Alberti  and  Hempel,  Z.  a>igru.\  Chem.,  1892,  101. 
3  Ormandy,  R.,  and  Cohen,  J.  B.,  J.  Chem.  Soc,  1890,  lvii.  811. 
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to  ammonia;  the  remaining  60  per  cent  escaped  the  solution  un- 
doubtedly in  the  form  of  lower  oxides  of  nitrogen.  In  this  connection 
it  was  interesting  to  note  that  the  rate  of  disappearance  of  nitric 
acid  was  much  higher  than  that  of  ammonia  formation,  thus  showing 
that  in  the  course  of  the  reduction  the  proportion  of  the  lower  oxides 
compared  with  that  of  X205  was  continually  increasing.  Because  of 
this  it  was  deemed  important  to  show  experimentally  that  when  the 
solution  became  free  from  nitric  acid  it  was  also  free  from  N203. 

Theoretically  one  could  not  expect  to  rind  an  absence  of  nitric  acid 
where  nitrous  acid  was  present,  since  in  aqueous  solution,  nitrites 
always  assume  the  following  equilibrium: 

3MN02  +  H20  =  MN03  +  2NO  +  2MOH. 

However,  to  remove  all  possible  doubt,  the  reduced  solution  was 
analyzed  for  both  nitric  and  nitrous  acids. 

Nitric  acid  was  estimated  by  means  of "  nitron."4  At  the  end  of  the 
experiment  a  test  for  nitric  acid  was  also  made  by  means  of  brucine. 
The  test  was  always  negative. 

The  absence  of  nitrous  acid  was  shown  by  means  of  a  solution  of 
potassium  permanganate.  After  standing  with  the  reduced  solution 
for  1  hour  no  reduction  of  the  permanganate  solution  could  be  de- 
tected. Hence  it  was  proven  that  aluminum  amalgam  could  be  em- 
ployed conveniently  for  removing  nitric  and  nitrous  acids. 

When  the  process  is  applied  to  the  removal  of  nitric  acid  from  or- 
ganic mixtures  it  becomes  necessary  also  to  remove  the  introduced 

4  Diphenyl-cndanilo-dehydrotriazol,  with  which  it  forms  an  insoluble  precipitate. 

C,HSN N 

NC«H5 


<    > 


HC  > 

NCH 


Busch,  M.,  Ber.  chcm.  Gcs.,  1905,  xxxviii,  681.     Gutbier,  A.,  Z.  angew.  Chetn., 
1905,  xviii,  494. 
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reagents  or  their  transformation  product.     The  following  procedure 
was  adopted. 

1.  The  acidity  of  the  solution  is  determined  by  titration  of  a  small 
sample  and  the  solution  is  then  neutralized  by  means  of  barium 
hydroxide. 

2.  About  2  gm.  of  freshly  prepared  aluminum  amalgam  are  added 
for  each  gm.  of  nitric  acid.  The  reduction  is  allowed  to  proceed  for 
8  hours  or  over  night.  The  solution  is  aerated  during  the  entire  time 
of  reduction. 

3.  The  mixture  is  filtered  from  the  mercury  and  aluminum.  A 
slight  excess  of  barium  hydroxide  is  then  added  to  the  nitrate,  and 
the  mixture  is  concentrated  under  diminished  pressure,  to  remove 
ammonia.  Generally  the  process  is  completed  after  the  evaporation 
has  been  repeated  twice. 

4.  The  barium  is  removed  quantitatively  and  the  nitrate  is  ready 
for  further  operations. 

EXPERIMENTAL. 

Determination  of  Nitric  Acid  with  Nitron. — The  solution  of  barium 
nitrate  containing  the  equivalent  of  about  100  mg.  of  nitric  acid 
was  acidified  with  sulfuric  acid  and  filtered  from  barium  sulfate.  To 
the  filtrate  12  to  15  cc.  of  10  per  cent  nitron  solution  in  5  per  cent 
acetic  acid  were  added  and  then  the  mixture  was  cooled  in  an  ice 
bath.  The  precipitate  was  transferred  to  a  weighed  alundum  cruci- 
ble, washed  with  ice  cold  water,  dried  at  105-110°,  and  weighed.  The 
weight  of  nitron  nitrate  X  0.168  =  nitric  acid. 

Determination  of  Ammonia. — Ammonia  was  determined  by  dis- 
tilling aliquot  portions  of  the  solution,  made  alkaline,  into  0.1  n  acid. 
In  those  experiments  in  which  the  nitrate  solutions  were  aerated  dur- 
ing the  reduction,  the  diluted  acid  solution  into  which  the  air  was 
passed  was  added  to  the  sample  taken  from  the  reaction  flask,  so 
that  the  determination  in  all  experiments  represents  the  total  quan- 
tity of  ammonia  which  was  formed  during  the  period  indicated. 

Alum  in  urn  Amalgam. — Sheets  of  aluminum  foil  about  4  by  6  inches 
are  passed  through  a  flame  to  remove  the  grease  and  immersed  in  a 
shallow  bath  of  about  3  per  cent  solution  of  mercuric  chloride.  In  a 
few  minutes  the  surface  of  the  foil  is  covered  with  mercury.     The 
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foil  is  immediately  washed  in  running  water  and  is  at  once  transferred 
to- the  nitrate  solution. 

Reduction  of  Nitrate  Solutions. —Dilute  solutions  of  barium  nitrate 
were  placed  in  flasks  with  aluminum  amalgam.  These  flasks  were 
fitted  with  rubber  stopper  and  tubing  so  that  the  ammonia  which 
might  be  generated  would  be  collected  in  wash  bottles  containing  dilute 
acid.  In  some  experiments  the  ammonia  was  drawn  into  the  dilute 
acid  by  a  slow  current  of  air. 

Experiment  1. — 4  gm.  of  barium  nitrate  were  dissolved  in  200  cc. 
of  water  and  2  gm.  of  aluminum  amalgam  were  added  and  allowed  to 
remain  for  about  2  hours  without  aeration.  After  12,  36,  and  60 
hours,  samples  were  withdrawn  for  analysis.  The  results  are  shown 
in  Table  I. 


TABLE  I. 

Time. 

Theory  NHj 
obtainable 

NH3  found. 

Theory. 

firs. 

gm. 

gm. 

per  cent 

0 

0.520 

12 

0.0774 

14.9 

36 

0.1449 

27.9 

60 

0.0483 

37.6 

Experiment  2. — 8  gm.  of  barium  nitrate  were  dissolved  in  400  cc. 
of  water  and  4  gm.  of  aluminum  amalgam  were  added.  This  solu- 
tion was  aerated  and  the  ammonia  was  determined  after  12,  36,  and 
60  hours.     The  results  are  given  in  Table  II. 


TABLE  II. 

Time. 

Theory  NHi 
obtainable. 

NH3  found. 

Theory. 

hrs. 

gm. 

gm. 

per  cent 

0 

1.0400 

12 

0.2734 

27.0 

36 

0.1049 

31.63 

60 

0.0219 

38.00 

Experiment  3. — 2  gm.  of  barium  nitrate  were  dissolved  in  100  cc. 
of  water,  1  gm.  of  aluminum  amalgam  was  added,  and  aerated  for  14 
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hours,  after  which  time  the  nitric  acid  test  with  nitron  was  negative 
as  well  as  with  brucine. 

Experiment  4. — 8  gm.  of  barium  nitrate  were  dissolved  in  400  cc. 
of  water  and  6  gm.  of  aluminum  amalgam  were  added.  After  4 
hours  the  nitric  acid  test  with  the  nitron  and  brucine  was  negative. 

Experiment  5. — 50  cc.  of  2.3  per  cent  nitric  acid  and  1  gm.  of  alumi- 
num amalgam  were  allowed  to  stand  for  16  hours.  After  4  hours, 
15.9  per  cent  acid  was  not  reduced  and  after  16  hours  4.6  per  cent 
nitric  acid  remained. 

Experiment  6. — 10  gm.  of  barium  nitrate  were  dissolved  in  500  cc. 
of  water  and  7  gm.  of  aluminum  amalgam  were  added.  Then  addi- 
tional amalgam  was  added  every  2  hours  as  indicated  in  the  table, 
and  at  each  2  hour  interval  a  sample  of  the  liquid  was  withdrawn  for 
the  determination  of  nitric  acid  and  ammonia.  As  Table  III  shows, 
no  nitric  acid  remained  after  6  hours  although  only  40  per  cent  of  the 
nitric  acid  was  obtained  in  the  form  of  ammonia. 


TABLE    III. 


Nitric  acid  determined  with  nitiogen. 

Ammonia  (NHj). 

a*j 

•a 

■s? 

c  rt 

C  b£ 

ei? 

e  p 

Present. 

Reduced. 

Present. 

Re- 
duced. 

-a  JJ 
H  a- 

-So 
3z 

g 

o 

■a 

3 

-o 

O 

a 

"5 

°  c  t 

o 

E 

3  % 

"SB 

w" 

E-5.S 

Si  a 

H 

< 

u 

z 

H 

fc 

2 

hrs. 

gm. 

gm. 

gm. 

per  cent 

per  cent 

gm. 

gm. 

gm. 

per 
cent 

per 

cent 

0 

7.0 

5.660 

0.000 

100.0 

000.0 

1.527 

2 

3.0 

1.392 

4.268 

24.0 

76.0 

0.1205 

0.1205 

7.90 

7.60 

3 

2.0 

0.558 

5.102 

9.8 

90.2 

0.1475 

0.2680 

9.68 

17.60 

4 

0.5 

0.0045 

5.665 

0.79 

99.21 

0.1665 

0.4345 

10.90 

28.50 

5 

0.5 

Trace. 

Nearly  all. 

Trace. 

99.99 

0.1904 

0.6249 

12.48 

40.96 

6 

0.5 

None. 

5.660 

None. 

100.00 

Experiment  7. — 10  gm.  of  barium  nitrate  were  dissolved  in  500  cc. 
of  water  and  7  gm.  of  aluminum  amalgam  were  added.  The  solu- 
tion was  aerated  and  allowed  to  stand  for  14  hours.  The  mixture 
was  filtered  and  the  filtrate  tested  for  nitric  and  nitrous  acids.  Nitric 
acid  was  found  absent  both  with  brucine  and  nitron.  20  cc.  of  0.1  N 
potassium  permanganate  acidified  with  sulfuric  acid  were  added   to 
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20  cc  of  the  filtrate  and  the  unused  permanganate  was  titrated   ac- 
cording to  the  method  of  Volhard,  with  potassium  .odide.    N  o  nitrous 


acid  was  found. 


[Reprinted  from  The  Journal  of  Biological  Chemistry,  September,  1917,  Vol.  xxxi, 

No.  3,  pp.  605-607.] 


THE  PREPARATION  OF  LYXOSE. 

By  E.  P.  CLARK. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research) 

(Received  for  publication,  July  26,  1917.) 

Of  the  methods  for  preparation  of  lyxose  the  one  introduced  by 
Ruff  and  Ollendorff1  is  the  most  convenient.  This  consists  in  the 
oxidation  of  calcium  J-galactonate  by  means  of  hydrogen  peroxide, 
using  ferric  acetate  as  a  catalyst.  The  details  of  the  directions  as 
given  by  Ruff  and  Ollendorff  are  not  sufficient  for  the  preparation  of 
this  pentose  on  a  large  scale.  In  the  course  of  the  past  year  over 
3,000  gm.  of  the  sugar  were  prepared  in  this  laboratory,  and  the  proc- 
ess has  been  gradually  improved  so  that  finally  a  yield  of  195  gm. 
of  pure  crystalline  lyxose  was  obtained  from  1,500  gm.  of  calcium 
galactonate.  The  conditions  as  finally  adopted  are  reported  here  in 
the  hope  that  they  may  prove  useful  to  other  workers. 

EXPERIMENTAL. 

500  gm.  of  calcium  galactonate  were  dissolved  in  2  liters  of  boil- 
ing water,  and  3  liters  of  3  per  cent  hydrogen  peroxide  added.  The 
solution  was  cooled  to  about  35°  and  75  cc.  of  ferric  acetate  solution2 
were  added,  which  soon  caused  a  vigorous  reaction.  After  the  reac- 
tion was  completed,  which  was  indicated  by  the  solution  acquiring  a 
deep  purple  color,  it  was  allowed  to  cool.  The  solution  was  filtered 
and  evaporated  in  vacuum  to  about  1,200  cc.  To  the  concentrated 
solution  4  liters  of  95  per  cent  alcohol  were  added  with  constant 
stirring.  This  precipitates  a  gummy  mass  which  is  hard  to  handle  but 
if  a  current  of  air  is  blown  through  the  suspension  for  a  short  time, 
all  the  gummy  particles  settle  out,  leaving  a  clear  solution.  This  so- 
lution was  filtered  with  suction.     The  gum  remaining  in  the  jar,  which 

»Ruff,  O.,  and  Ollendorff.  G.,  Bcr.  chcm.  Ges.,  1900,  xxxiii,  1798. 
2  National  Formulary,  3rd  edition,  Baltimore,  1906,  p.  219. 
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was  drained  as  dry  as  possible,  and  the  precipitate  on  the  filter,  were 
then  dissolved  in  about  900  cc.  of  hot  water.  This  may  be  readily 
accomplished  in  4  or  5  minutes  by  heating  the  mixture,  with  constant 
stirring,  to  about  60-65°  by  means  of  live  steam.  After  the  gum  had 
dissolved,  the  liquid  was  cooled  to  room  temperature  and  precipitated 
with  4  liters  of  95  per  cent  alcohol,  as  above. 

Three  lots  of  500  gm.  each  were  treated  in  this  way  and  the  com- 
bined residues  from  them  were  reoxidized  in  the  following  manner: 
They  were  dissolved  in  several  liters  of  hot  water,  allowed  to  cool, 
and  filtered.  The  filtrate  was  evaporated  to  dryness  in  vacuo  to  re- 
move all  the  alcohol.  The  residue  was  then  dissolved  in  about  2 
liters  of  hot  water  by  means  of  live  steam  and  5  liters  of  hydrogen 
peroxide  were  added.  The  solution  was  cooled  to  35°  and  80  cc.  of 
ferric  acetate  solution  were  added.  After  the  reaction  was  complete 
the  solution  was  filtered  and  concentrated,  then  precipitated  with 
95  per  cent  alcohol  as  previously  described.  The  residues  were  dis- 
solved in  1  liter  of  water  and  again  precipitated  with  4  liters  of  95 
per  cent  alcohol. 

The  combined  alcoholic  extracts  resulting  from  the  above  pro- 
cedure were  then  evaporated  in  vacuo  to  1  liter.  95  per  cent  alcohol 
was  added  with  constant  stipring  until  a  permanent  precipitate  was 
formed;  about  1.5  liters  of  alcohol  were  required.  This  solution  was 
poured  into  9  liters  of  absolute  alcohol  with  constant  agitation.  The 
precipitate  formed  was  filtered  off,  drained  as  dry  as  possible,  and 
the  filtrate  evaporated  in  vacuo  to  a  thick  syrup  (about  700  cc). 
This  syrup  was  taken  up  in  8  liters  of  absolute  alcohol  and  3.5  liters 
of  dry  ether  slowly  added  with  constant  stirring,  which  precipitates  a 
further  quantity  of  calcium  salts  and  other  reaction  products.  The 
filtered  solution  was  evaporated  in  vacuo  to  500  cc,  seeded  with  a 
few  crystals  of  lyxose,  and  allowed  to  crystallize  in  a  desiccator. 
Often  the  syrup  can  be  made  to  crystallize  spontaneously  without 
seeding  by  scratching  the  inside  of  the  beaker. 

The  crystals  were  filtered  with  suction  and  washed  first  with  abso- 
lute alcohol  and  then  with  dry  ether.  The  yield  was  generally  150 
to  165  gm.  of  pure  dry  sugar.  Lyxose  may  be  readily  recrystallized 
with  little  loss  from  four  to  five  parts  of  boiling  absolute  alcohol. 
No  attempt  was  made  to  work  over  the  mother  liquors  from  the 
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crystallization  of  lyxose,  as  it  was  found  that  they  could  be  used 
directly  for  the  preparation  of  lyxosimine.  The  syrup  gave  a  yield 
of  lyxosimine  corresponding  to  about  55  or  60  gm.  of  lyxose.  Yields 
of  pure  crystalline  lyxose  from  lots  of  1,500  gm.  of  calcium  galacto- 
nate  have  been  obtained  as  high  as  195  gm.,  but  in  these  cases  a 
corresponding  diminution  of  lyxosimine  has  been  obtained  from  the 
mother  liquors,  so  that  almost  invariably  the  total  yield  corresponded 
to  about  210  gm.  of  lyxose  from  1,500  gm.  of  calcium  galactonate. 


[Reprinted  from  The  Journal  of  Biological  Chemistry,  September,  1917,  Vol.  xxxi. 

No.  3,  pp.  609-621.] 


CHONDROSAMINE  AND   ITS   SYNTHESIS. 

By  P.  A.  LEVENE. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  26,  1917.) 

In  previous  publications1  the  conclusion  was  reached  that  chon- 
drosarnine  had  the  structure  of  one  of  the  two  lyxohexosamines : 
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The  relationship  of  chondrosamine  to  galactose  was  originally 
based  on  the  following  facts : 

Chondrosamine  formed  with  phenylhydrazine  an  osazone  indis- 
tinguishable from  galactosazone.  Chondrosamine,  on  oxidation  with 
bromine  or  with  mercuric  oxide,  formed  chondrosaminic  acid.  This 
acid  on  oxidation  with  nitric  acid  (subsequent  to  deamination)  yielded 
anhydromucic  acid.  On  the  other  hand  direct  oxidation  of  chondro- 
samine (subsequent  to  deamination)  led  to  an  optically  active  dicar- 
boxylic  acid  which  was  assumed  to  be  anhydrotalomucic  acid. 
Furthermore,  chondrosamine  on  oxidation  with  bromine  or  with  mer- 
curic oxide  (subsequent  to  deamination)  gave  rise  to  anhydrotalonic  acid. 
Chondrosaminic  acid  under  the  same  treatment  formed  the  isomeric 
anhydrogalactonic  acid.  In  a  measure  the  proof  seemed  sufficient  to 
establish  the  configuration  of  the  new  aminohexose.     Yet  a  scrutiny 

1  Levene,  P.  A.,  and  La  Forge,  F.  B.,  /.  Biol.  Chem.,  1913,  xv,  150;  1914,  xviii, 
127,  240;  1915,  xx,  434. 
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of  the  evidence  makes  it  clear  that  only  one  point  of  evidence  was 
absolutely  beyond  dispute;  that  is,  the  identity  of  the  chondrosamine 
osazone  with  galactosazone.  True,  the  two  anhydrotetrahydroxy- 
adipic  acids,  one  obtained  from  chondrosamine  and  the  other  from 
lyxohexosaminic  acids,  seemed  identical.  However,  this  conclusion 
was  based  on  their  melting  points  being  identical  and  on  the  absence 
of  optical  activity  in  one  and  the  other.  These  points  may  be  con- 
sidered ample  proof,  but  additional  evidence  was  desirable.  Again 
the  anhydrotalonic  and  anhydrogalactonic  acids  had  been  prepared 
only  in  form  of  their  brucine  salts,  and  although  the  differences  in  their 
optical  rotation  were  in  full  agreement  with  the  assumed  structure  of 
the  two  salts,yet  more  direct  evidence  in  support  of  the  assumption 
was  much  wanted. 

The  most  convincing  proof  possible  would  be  of  course  the  synthesis 
of  all  the  substances  derived  from  chondrosamine,  using  lyxose  as  the 
starting  material.  The  synthesis  of  the  sugar  has  now  been  accom- 
plished, and  with  it  for  every  known  derivative  of  the  natural  sugar  a 
corresponding  derivative  of  the  synthetic  substance  has  been  ob- 
tained. Thus  the  problem  of  the  configuration  of  condrosamine  is 
definitely  solved. 

Chondrosamine  HydroMoride. — This  was  prepared  last  year  by  the 
reduction  of  lyxohexosaminic  acid.  Its  optical  rotation  was  then 
found  to  be  [a]°  =  +62.69  to  +91.10°.  The  rotation  of  chondro- 
samine hydrochloride  was  determined  by  Levene  and  La  Forge. 
[a\l  =  +129.50  to  93.82°.  This  difference  in  rotation  and  the  fact 
that  chondrosaminic  acid  differed  in  its  rotation  from  the  synthetic 
'vxohexosaminic  acid  led  originally  to  the  conclusion  that  the  natural 
and  the  synthetic  sugars  were  epimers.  However,  the  fact  that  the 
rotation  of  the  two  sugars  reached  the  same  value  at  the  state  of 
equilibrium  suggested  the  possibility  that  they  were  a  and  0  forms 
of  the  same  sugar.  Hence  the  rotation  of  the  recently  prepared 
chondrosamine  hydrochloride  was  redetermined,  and  was  found  iden- 
t'cal  with  that  of  the  synthetic  product  in  the  proximity  of  [afD  = 
+57  to  93°.  Many  samples  crystalized  under  different  conditions  were 
tested,  always  with  the  same  result.  This  was  a  surprising  and  puz- 
zling finding;  and  although  there  was  no  doubt  in  our  mind  as  to  the 
correctness  of  the  early  measurement,  since  all  readings  in  this  lab- 
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oratory  are  taken  by  two  observers,  yet  to  eliminate  all  possible  doubt 
the  rotation  of  the  original  material  was  again  measured  and  was 
found  as  originally  recorded  [a]°  =  +129.0  to  95.0°.  It  is  interesting 
to  note  that  in  the  early  work  of  Levene  and  La  Forge  the  first  form 
occurred  on  three  occasions  whereas  in  subsequent  work  it  could  not 
be  obtained  again.  It  is  also  worthy  of  note  that  the  value  of  the 
molecular  rotation  of  the  end  carbon  atom  of  the  two  amino  sugars 
calculated  according  to  Hudson's  formula  is  in  good  agreement  with 
the  value  calculated  by  Hudson  for  the  end  carbon  atom  of  other 
hexoses. 

Chondrosaminic  Acid. — The  observations  on  chondrosaminic  acid 
and  on  the  acid  obtained  synthetically  originally  seemed  puzzling 
and  confusing.  By  the  action  of  hydrocyanic  acid  on  arabinosimine, 
Fischer  and  Leuchs2  obtained  pure  glucosaminic  acid.  Because  of 
this  it  was  thought  that  lyxohexosaminic  acid  obtained  by  the  action 
of  hydrocyanic  acid  on  lyxosamine  was  also  a  uniform  substance.  The 
synthetic  acid  originally  obtained  in  this  manner  had  [afD  =  —  3.58 
to  —  20.7°,  which  differed  from  chondrosaminic  acid  with  [«]£  = 
—  16.15  to  —  29.2°.  On  the  other  hand,  the  reduction  of  the  syn- 
thetic acid  led  to  the  same  chondrosamine,  which  on  oxidation  gave 
rise  to  chondrosaminic  acid.  The  confusion,  however,  was  cleared 
up  when  it  was  found  that  the  synthetic  sugar  on  oxidation  formed 
the  same  amino  acid  as  the  natural  sugar. 

Parallel  measurements  of  the  optical  rotation  were  made  on  sam- 
ples of  the  acids  from  the  natural  and  synthetic  sugars  and  were  found 
identical,  [a]°D  =  -  17.94  to  -  31.89°.  In  the  light  of  this,  lyxohexo- 
saminic acid  has  to  be  regarded  as  a  mixture  of  the  epimeric  acids. 
Indeed,  the  material  prepared  this  year  had  [a]°D  —  —  1.85  to  —  8.78°, 
which  differed  from  the  [a]D  of  the  original  synthetic  acid.  Obvi- 
ously under  varying  conditions  of  experiment  different  proportions 
of  the  epimeric  acids  are  formed. 

a,  oLi-Anhydromucic  Acid,  and  a, a\-Anhydrotalomiicic  Acids. — Inac- 
tive anhydrotetrahydroxyadipic  acids  were  obtained  from  chondro- 
samine and  from  the  synthetic  lyxohexosaminic  acids.  So  long  as  the 
latter  was  considered  an  individual  substance  different  from  chondro- 

2  Fischer,  E.,  and  Leuchs,  H.,  Ber.  chem.  Gcs.,  1903,  xxxvi,  24. 
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saminic  acid,  the  observation  needed  special  interpretation.  Since, 
however,  it  was  demonstrated  that  the  synthetic  acid  was  a  mixture 
of  two  epimers,  one  being  chondrosaminic  acid,  the  puzzling  element 
of  the  observation  was  eliminated,  the  identity  of  the  two  anhydro- 
tetrahydroxyadipic  acids  became  evident,  and  their  structure  could 
be  no  other  than  that  of  anhydromucic  acid. 

The  structure  of  the  optically  active  tetrahydroxyadipic  acids  is 
manifested  from  the  fact  that  the  natural  sugar  gives  rise  to  the  acid 
with  exactly  the  same  properties  as  that  derived  from  the  synthetic 
sugar.  Since  the  structure  of  the  latter  is  obvious  from  its  origin 
the  structure  of  the  former  as  anhydrotalomucic  becomes  certain. 

a, ai- An hydrotalonic  and  a,  ai-Anhydrogalactonic  Acids. — Since  the 
structure  of  the  a,  ai-anhydrotalomucic  and  a,  ai-anhydromucic  acid 
has  been  established  it  became  an  easy  task  to  prove  the  structure  of 
the  two  monocarboxylic  acids.  The  anhydrotalonic  should  be  con- 
vertible into  anhydrotalomucic  acid,  and  anhydrogalactonic  into  an- 
hydromucic acid.  The  brucine  salts  of  two  acids  were  previously  ob- 
tained, one  with  a  melting  point  of  218°  and  [a]2D°  =  —  12.4,  and  the 
other  with  a  melting  point  of  244°  and  [a]2D°  =  -9.40.  It  was  then 
shown  that  the  former  on  oxidation  gives  anhydrotalomucic  while 
the  latter  forms  anhydromucic  acid.  The  former  was  assumed  to 
possess  the  structure  of  anhydrotalonic,  the  latter  of  anhydrogalac- 
tonic acid.  The  assumption  was  fully  justified  and  stands  correct  in 
the  light  of  the  new  evidence. 

It  may  be  mentioned  in  this  place  that  formerly  the  formation  of 
anhydrotalonic  acid  from  the  synthetic  lyxohexosaminic  had  seemed 
puzzling.  In  view  of  the  fact  that  lyxohexosaminic  acid  is  recog- 
nized as  a  mixture  of  two  epimers,  the  source  of  the  anhydrotalonic 
is  to  be  looked  for  in  one  of  the  two  epimers,  namely,  in  epichondro- 
saminic  acid. 

Pentacetyl  Derivatives. 

As  a  final  point  proving  the  identity  of  the  two  sugars  may  be  men- 
tioned the  fact  that  they  yield  the  identical  pentacetates.  Both  the 
a  and  the  /3  forms  obtained  by  Hudson  and  Dale  from  the  natural  prod- 
uct were  then  obtained  from  the  synthetic  sugar.  It  may  be  noted 
in  this  place  that  Hudson  and  Dale  designated  the  more  soluble  pent- 
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acetate  of  chondrosamine  with  [a]2D°  =  101.3°  as  the  /3  form  a  and  the 
more  insoluble  with  [a]2D°  =  11.0°  as  the  a  form.  This  nomenclature 
was  perfectly  justified  when  it  was  assumed  that  chondrosamine  was 
/-ribohexosamine.  Inasmuch  as  chondrosamine  is  now  recognized  as 
d-lyxohexosamine,  the  form  with  the  higher  rotation  has  to  be  named 
the  a  form,  [a]aB°  =  101.3°,  and  the  one  with  [a]2D°  =  +  11.0,  the  0  form. 
The  mutual  relationship  of  the  derivatives  of  chondrosamine  on 
one  hand  and  of  the  derivatives  and  of  the  parent  substances  of  the 
synthetic  sugar  on  the  other  is  represented  in  the  following  diagram. 

Anhydrotalomucic  acid. 

T 

Anhydrotalonic  acid. 

/        \ 

Chondrosamine.  Lyxohexosamine  (synthetic 

chondrosamine  i. 

/ 

/ 

Chondrosaminic  acid.  Lyxohexosaminic  acid  (synthetic). 

\ 

\ 

\ 

Anhvdrogalactonic  acid. 

1 
Anhydromucic  acid.    <- 


EXPERIMENTAL. 

Preparation  of  Synthetic  Chondrosamine  Hydrochloride. — The  proc- 
ess was  essentially  the  same  as  previously  described.3  A  slight  im- 
provement was  introduced  in  that  all  solutions  were  concentrated  at 
a  temperature  of  the  water  bath  not  exceeding  40°C.  It  was  found 
convenient  to  recrystallize  the  sugar  by  dissolving  it  in  a  minimum 
amount  of  water  and  adding  ethyl  alcohol  saturated  with  hydrochloric 
acid.  About  35.0  gm.  of  the  synthetic  sugars  were  prepared.  The 
specific  rotation  of  the  substance  was  the  following. 

Initial.  Equilibrium. 

r    ,,       +1.50X2.0392  r    ,,       +2.50X2.0392 

\a]n  = =  +  59.30°  \aV  = =  +  98.80° 

L   jD  IX  0.0516  L    Jd  IX  0.0516 

3  Levene,  P.  A.,  /.  Biol.  Chcm.,  1916,  xxvi,  143,  155. 
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a  and  j3  Forms  of  Chondrosamine  Hydrochloride. — A  sample  of  chon- 
drosamine  recrystallized  out  of  water  and  ethyl  alcohol  saturated  with 
hydrochloric  acid. 


Initial.  Equilibrium. 

X  2.0385  r   -p      +2.28X2.03' 

Xl^r-+53M  &"      1X0.0514 


+  ..54X2.0385  -f-2.28X2.0W2_ 

L"Jd  ivnrKiA  T  L    jD  lyO.O.SU 


A  sample  was  dissolved  in  a  minimum  amount  of  water,  glacial 
acetic  acid  was  added  until  the  substance  began  to  crystallize,  the 
mixture  brought  to  a  boil,  and  filtered.  A  solution  was  made  of 
exactly  2.5  cc.  volume. 


Initial.  Equilibrium. 

-3.04X  2.5        ,  MMa  r    T-      4-5  X  2-5 


A  sample  crystallized  out  of  a  minimum  amount  of  aqueous  hydro- 
chloric acid. 


Initial.  Equilibrium. 

iOX  2.5  r   tk      +4.80X2.! 

lX-0li7r=+57,°  ["I"    1X0.1272 


r   n0       +2.60X2.5  r    ™       +4.80X2.5 

M°  = =  +  57.10°  Mn  = =  +  94.20° 

L  Jd        ivni?7?  L  jD        iy  0.1 777 


No  attempt  was  made  to  explain  the  slight  discrepancies  in  the 
solutions  since  the  principal  object  was  to  determine  conditions  con- 
trolling the  formation  of  either  one  of  the  forms.  As  all  attempts  to 
obtain  a  sample  with  the  original  rotation  failed,  the  rotation  of  the 
original  material  was  redetermined.  Dr.  J.  Lopez-Suarez  and  Dr.  G. 
M.  Meyer  controlled  the  reading. 

Initial.  Equilibrium. 

r   -,„       +2.50X2.5  „  r   ,«      +1.90X2.5 

\a]n  =  — =  +  129.0°  \a\l  = =  +  96.0° 

L   Jd         IX  0.0500  L   jD  IX  0.500 

Calculating  on  the  basis  of  Hudson's  formula,  the  molecular  rota- 

(129.0  -  51.0) 
tion  of  the  end  carbon  atom  =  215.5  =  8,400.     The 

value  found  by  Hudson  for  hexoses  was  in  the  neighborhood  of  8,000. 
The  original  form  is  to  be  regarded  as  the  a  and  the  new  as  the  /S 
form. 
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Chondrosaminic  Acid  from  Natural  and  Synthetic  Sugars. — This  acid 
was  obtained  from  both  the  natural  and  synthetic  sugar  by  oxidation 
with  mercuric  oxide.  The  conditions  given  by  Pringsheim  and 
Ruschmann4  for  oxidation  of  glucosamine  had  to  be  modified. 

4.0  gm.  of  the  synthetic  sugar  were  dissolved  in  62.0  cc.  of  water, 
to  the  solution  20.0  gm.  of  mercuric  oxide  were  added,  and  the  mixture 
was  warmed  on  the  water  bath  for  6  minutes.  The  reaction  product 
was  filtered  immediately,  the  filtrate  was  freed  from  mercury  by 
means  of  hydrogen  sulfide,  the  filtrate  from  the  sulfide  concentrated 
to  a  small  volume,  under  diminished  pressure,  when  the  acid  crystal- 
lized in  the  distilling  flask.  The  substance  was  recrystallized  once. 
It  did  not  melt,  but  turned  light  brown  at  190°,  the  same  as  the  acid 
obtained  from  the  natural  sugar.  A  parallel  measurement  of  the 
rotation  of  each  product  gave  the  following  results. 

Natural  product. 

Initial  in  2.5  per  cent  HC1.  Equilibrium. 

r    10        -0.90X2.5  r    125       -1.60X2.5 

[a  °  = =-17.94°  al=- — ~ =-31.89° 

L    JD         IX  0.1254  L    JD         IX  0.1254 

Synthetic. 

Initial  in  2.5  per  cent  HC1.  Equilibrium. 

r   -,c        -0.94X2.5  r    -,25       -1.60X2.5 

\aZ  = =-17.94°  H;  = =-31.87° 

L   JD         IX  0.1256  L    JD         IX  0.1256 


Lyxohexosaminic  acid 
h  0-37  X  15 
2.0  X  1.496  L    JU        2.0  X  1.4946 

The  analysis  of  the  synthetic  acid  gave  the  following  results. 


r   -,0       +  0.37  X  15.0                                    r    ,,       -  1.73  X  15.0 
a     = =  +  1.85°  «n  =  =  —8.7a 


-;o 


0.1050  gm.  of  substance  gave  0.1426  gm.  C02  and  0.0618  gm.  H20. 

Calculated  for 

CeHuXOa:  Found: 

C 56.92  37.03 

II 6.06  6.58 

Thus  the  identity  of  the  two  chondrosaminic  acids  is  established. 

Anhydrotalonic  Acid. — The  acid  was  previously  obtained  in  small 
quantities  as  a  brucine  salt.  The  brucine  salt  was  prepared  in  larger 
quantities  from  the  natural  sugar  and  from  the  sugar  obtained  from 

4  Pringsheim,  H.,  and  Ruschmann,  G.,  Bcr.  chem.  Ges.,  1915,  xlviii,  680. 
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lyxohexosaminic  acid.  Lots  of  30.0  gm.  of  chondrosamine  hydro- 
chloride were  dissolved  in  150.0  cc.  of  water.  To  the  solution  30.0  gm. 
of  silver  nitrite  and  a  few  drops  of  hydrochloric  acid  were  added.  The 
mixture  was  allowed  to  react  for  6  hours.  The  silver  chloride  was 
then  removed  by  filtration,  the  filtrate  was  placed  on  a  boiling  water 
bath  for  5  minutes,  then  treated  with  a  slight  excess  of  hydrochloric 
acid,  and  again  filtered.  To  the  filtrate  65.0  gm  of  bromine  were 
added  and  the  mixture  was  allowed  to  stand  at  room  temperature 
for  3  days.  The  remaining  traces  of  bromine  were  removed  by  shak- 
ing the  solution  with  mercury,  and  the  hydrobromic  acid  by  means  of 
lead  carbonate  and  silver  carbonate.  Finally  the  nitric  acid  still  pres- 
ent in  the  solution  was  removed  by  the  aluminum  amalgam  method. 
The  resulting  solution  was  transformed  into  the  brucine  salt  in  the 
usual  manner.  The  solution  of  the  brucine  salt  was  concentrated  to 
a  small  volume  when,  on  cooling,  the  brucine  salt  was  crystallized 
out.  When  first  obtained  the  substance  was  readily  soluble  in  methyl 
alcohol.  However,  on  repeated  recrystallization  its  solubility  dimin- 
ished, so  that  towards  the  end  it  dissolved  only  in  a  large  volume 
of  boiling  methyl  alcohol.  The  salt  then  crystallized  in  large  poly- 
gonal prisms.  The  melting  point  was  218°C.  and  the  optical  rota- 
tion was  the  following. 

,    vo       -0.63°X  10.0 

\a  »   = =  -  12.4° 

L    JD  2  X  2.522 

The  analysis  of  the  substance  gave  the  following  results. 

0.1063  gm.  of  substance  on  drying  under  diminished  pressure  at  the  temperature 
of  xylene  vapors  lost  0.003  gm.  of  water. 

Calculated  for 
C23H36N;Oio+H:0:  Found: 

H20 3.11  3 .  58 

0.1025  gm.  of  the  dry  substance  gave  0.2284  C02  and  0.0569  gm.  H20. 

Calculated  for 
C;9H36X20jo:  Found: 

C ,.   60.80  60.78 

H 6.10  6.15 

From  the  synthetic  lyxohexosaminic  acid  the  substance  was  pre- 
pared in  the  following  manner.  30  gm.  of  the  acid  were  dissolved  in 
a  solution  of  200.00  cc.  of  water  and  40.0  cc.  of  10  per  cent  hydro- 
chloric acid.     40.0  gm.  of  silver  nitrite  were  added.     The  following 
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morning  10.0  gm.  of  silver  nitrite  and  10.0  cc.  of  10  per  cent  hydro- 
chloric acid  were  added.  After  30  hours  from  the  beginning  of  the 
experiment,  the  silver  chloride  was  removed  by  filtration  and  other 
remaining  silver  by  hydrogen  sulfide.  From  the  nitrate  the  nitric 
and  nitrous  acids  were  removed  by  the  aluminum  amalgam  method. 
It  had  the  following  composition. 

0.1012  gm.  of  substance  on  drying  in  a  xylene  bath  under  diminished  pressure 
lost  0.0038  gm.  of  H20. 

0.0974  gm.  of  substance,  dried,  on  combustion  gave  0.2158  gm.  CO2  and  0.0562 
gm.  H2O. 

Calculated  for 
CJSHi6N:OioH:0:  Found: 

H20 3.11  3.75 

Calculated  for 

C;9H36X^3io:  Found: 

C -. 60.80  60.42 

H 6.10  6.45 

The  substance  had  a  melting  point  of  218°C.  and  the  following 
rotation. 

r   -,»       -  0.655°  X  10 

\a\n  = =  -  12.3 

L   JD  2  X  2.66 

Thus  the  identity  of  the  acid  obtained  from  natural  chondrosamine 
and  of  the  one  obtained  synthetically  was  established.  In  order  to 
prove  its  identity  with  a,  6-anhydrotalonic  acid  it  was  oxidized  by 
means  of  nitric  acid.  21.0  gm.  of  the  brucine  salt  were  freed  from 
brucine  by  means  of  barium  hydroxide  and  chloroform.  After  the 
removal  of  barium,  the  solution  was  concentrated  to  40.0  cc,  an 
equal  volume  of  concentrated  nitric  acid  was  added,  and  the  solution 
was  boiled  over  a  free  flame  until  a  lively  evolution  of  red  fumes  set  in. 
The  solution  was  then  transferred  to  a  large  clock  glass  and  evap- 
orated to  dryness.  The  residue  was  dissolved  in  water  and  again 
evaporated  to  dryness.  This  operation  was  repeated.  The  reaction 
product  was  converted  into  the  calcium  salt.  The  salt  was  recrystal- 
lized  twice.  Each  time  the  calcium  salt  was  decomposed  by  a  little 
less  than  the  calculated  amount  of  oxalic  acid,  and  then  reconverted 
into  the  calcium  salt. 
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0.1008  gm.  of  the  air-dry  substance  on  drying  in  a  xylene  bath  under  diminished 
pressure  lost  0.0130  gm.  of  H20. 

^  Calculated  for 

CsHgOsG-MHcO:  Found: 

H20 12"68  129° 

0.0878  gm.  of  dry  substance  gave  on  combustion  0.0936  gm.  CO2  and  0.0274 
gm.  H2O. 
0.0896  gm.  of  the  substance  gave  0.0206  gm.  CaO. 

Calculated  foi 
GsHsaCa+rfcO:  Found: 

c 29.03  29.07 

H............ 3.22  3.49 

Ca.. 22.58  22.99 

The  optical  rotation  of  the  substance  in  a  10  per  cent  solution  of 
HC1  was  the  following. 

r    ,„       -  0.30°  X  2.50 

\a  L  = =  —  7  .o° 

L   jD  1  X  0.100 

Thus  the  anhydrohexonic  acid  obtained  from  lyxohexosaminic  acid 
yields  on  further  oxidation  an  optically  active  anhydrotetrahydroxy- 
adipic  acid;  hence  it  possesses  the  structure  of  anhydrotalonic  acid. 

Anhydrogalactonic  Acid. — 10  gm.  lots  of  chondrosaminic  acid  were 
treated  in  the  same  manner  as  lyxohexosaminic  acid  in  the  above  ex- 
periment. The  brucine  salt  obtained  in  this  manner  melted  at  244°, 
and  had  the  following  optical  rotation. 

,   vo      -0.47°X  10.0 

\aV  = =  -  9.37° 

L   jD  2  X  2.508  . 

The  composition  of  the  substance  was  the  following. 

0.0988  gm.  of  the  substance,  dried  in  a  xylene  bath,  gave  0.2196  gm.  CO2  and 
0.0576  gm.  H20. 

Calculated  for 
C29H:6N:Oio:  Found: 

C 60.80  60.73 

H 6.10       •  6.53 

10.0  gm.  of  the  brucine  salt  were  freed  from  brucine  as  in  the  above 
experiment.  The  brucine-free  solution  was  evaporated  to  25  cc.  and 
then  diluted  with  an  equal  volume  of  concentrated  nitric  acid  and 
boiled  over  free  flame  until  the  volume  was  reduced  to  about  20.0  cc, 
then  10.0  cc.  of  nitric  acid  were  again  added,  and  the  solution  was 
again  boiled,  over  free  flame.     When  the  solution  was  concentrated 
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to  20.0  cc.  it  was  transferred  to  a  clock  glass  and  concentrated  on  a 
boiling  water  bath  to  dryness.  The  substance  immediately  crystal- 
lized. It  was  redissolved  in  water  and  again  evaporated.  The  opera- 
tion was  repeated  once  more.  The  final  crystalline  residue  was 
dissolved  in  hot  acetone  and  very  little  ether  was  added,  when  a 
small  amorphous  precipitate  formed.  This  was  removed  by  fil- 
tration, and  the  filtrate  was  allowed  to  crystallize.  The  crystals 
were  filtered,  redissolved  in  hot  acetone,  and  allowed  to  crystallize. 
The  final  product  melted  at  205°C. 

0.1600  gm.  of  the  substance  dissolved  in  2.5  cc.  showed  no  optical  activity. 

On  the  basis  of  this  the  identity  with  anhydrogalactonic  acid  of 
the  monohydroxy  acid  obtained  from  chondrosaminic  acid  is  estab- 
lished. 

a,oti-Anhydrotalomucic  Acid  from  the  Synthetic  Sugar. — 6.0  gm.  of  the 
synthetic  lyxohexosamine  hydrochloride  were  dissolved  in  30.0  cc. 
of  water  containing  1  cc.  of  hydrochloric  acid.  8.0  gm.  of  silver  ni- 
trate were  added  and  the  mixture  was  allowed  to  stand  for  6  hours. 
It  was  then  filtered.  The  silver  was  removed  from  the  filtrate  by 
means  of  hydrogen  sulfide.  The  clear  filtrate  from  the  silver  sulfide 
was  concentrated  to  20.0  cc,  cooled  to  0°C,  and  diluted  with  20.0  cc. 
of  nitric  acid  also  cooled  at  0°C.  The  solution  was  allowed  to  stand 
over  night.  It  was  then  boiled  over  a  free  flame  until  a  lively  evolu- 
tion of  yellow  fumes  set  in.  The  solution  was  then  transferred  to  a 
clock  glass,  evaporated  on  a  water  bath,  and  the  calcium  salt  was  then 
prepared  in  the  usual  way.  The  salt  was  reprecipitated  twice  and 
had  the  following  composition. 

0.1054  gm.  of  substance  on  drying  in  a  xylene  bath  lost  0.0130  gm.  HoO. 

Calculated  for 
aH808Ca+2H;0:  Found: 

H20 12.68  12.33 

0.0924  gm.  of  the  dry  substance  gave  on  combustion  0.0982  gm.  CO2  and  0.0298 
gm.  H20  and  0.0924  gm.  CaO. 

Calculated  (or 
C.HsOrCa+HsO:  Found: 

C 29.03  28.98 

H 3.22  3.60 

Ca 22.58  23.05 
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The  optical  rotation  of  the  substance  is  the  following. 

Initial.  Equilibrium. 

„       -  0.32°  X  2.5       _  rj.  =  -0-32X2.5  =  _ 

L   Jd  1X0.100  l  Jd         1X0.100 

in  10  per  cent  HC1. 

Hence  the  substance  is  a,ai-anhydrotalomucic  acid.  It  is  identical 
with  the  substance  previously  obtained  from  natural  chondrosamine. 

Pentacetyl  Derivative  of  the  Synthetic  Chondrosamine. — The  sub- 
stance was  prepared  from  the  natural  chondrosamine  by  Hudson  and 
Dale.6    Practically  the  same  conditions  were  followed  in  this  work. 

In  30.0  cc.  of  acetic  anhydride  5.0  gm.  of  zinc  chloride  were  dis- 
solved. To  this  solution  5.0  gm.  of  the  hydrochloride  were  added 
and  the  mixture  was  warmed  gently  until  a  lively  reaction  developed. 
The  reaction  was  kept  up  for  2  minutes,  then  the  reaction  product 
was  poured  into  100  cc.  of  water  cooled  to  0°C.  The  mixture  was 
neutralized  with  potassium  bicarbonate,  transferred  to  a  separatory 
funnel,  and  extracted  with  chloroform.  The  chloroform  extract  was 
washed  with  water.  Over  the  chloroform  a  layer  of  crystals  appeared 
which  were  insoluble  in  water,  The  crystals  consisted  of  the  more 
insoluble  fraction  of  the  pentacetates.  The  chloroform  extract  was 
evaporated  to  dryness  in  vacuo,  the  residue  was  recrystallized  out  of 
alcohol,  and  from  the  mother  liquor  a  second  crop  of  crystals  was 
obtained.  The  top  fraction  consisted  of  the  pure  a  form  while  the 
most  soluble  form  was  practically  the  pure  /3  form. 

The  a  form  turned  slightly  brown  at  232°  and  melted  with 
decomposition  at  237°C.  (corrected).  Its  optical  rotation  in  chloro- 
form solution  was  the  following. 

r   -120       +  0.07  X  20.0 


2  X  0.0802 


=  +  8.75c 


A  similar  fraction  from  natural  chondrosamine  had  a  melting  point 
of  235°C.  and  the  following  optical  rotation, 
r   120      0.09  X  20.0 

Hn    =  -    +    12.0° 

L   JD        2  X  0.075 

Hudson  and  Dale  found  for  their  j3  form  a  melting  point  of  235° 
(with  decomposition)  [a]D  =  +  11.00°. 

5  Hudson,  C.  S.,  and  Dale,  J.  K.,  /.  Am.  CJiem.  Soc,  1916,  xxxviii,  1431 
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The  /3  form  was  apparently  not  quite  pure,  but  taking  into  consid- 
eration the  small  quantity  of  starting  material  it  is  rather  surprising 
that  each  form  could  be  separated  with  so  little  difficulty. 

The  melting  point  of  the  /3  form  was  very  sharp  at  197°C.  and  the 
optical  rotation  in  chloroform  solution  was 

r   ,.„      +0.90X20.0 

H;  = =  +  9o.o° 

L   jD  2  X  1.000 

Hudson  and  Dale  found  for  the  a  form  the  melting  point  182-183°C. 
and  [a]D  101.3°. 

The  composition  of  the  pentacetyl  derivative  was  the  following. 

0.1014  gm.  of  the  substance  gave  0.1834  gm.  C02  and  0.0560  gm.  H20. 

Calculated  for 
C6HsN05(CH3CO)5:         Fo.ind: 

C 49.49  49.32 

H 5.96  6.18 


[Reprinted  from  The  Journal  of  Biological  Chemistry,  September,  1917,  Vol.  xxxi, 

No.  3,  pp.  623-626.] 


THE   RELATION    BETWEEN    THE    CONFIGURATION  AND 

ROTATION  OF  EPIMERIC  MONOCARBOXYLIC 

SUGAR  ACIDS. 

III.  The  Phenylhydrazldes. 

By  P.  A.  LEVEXE  and  G.  M.  MEYER. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  26,  1917.) 

In  previous  publications1  it  was  demonstrated  that  the  direction 
of  the  optical  rotation  of  the  a  carbon  atom  of  a  pair  of  epimeric 
monocarboxylic  sugar  acids  is  determined  by  its  configuration. 
When  the  hydroxyl  of  the  a  carbon  atom  is  in  the  same  position  as 
in  J-gluconic  acid  (on  the  right)  the  direction  of  the  rotation  is  right, 
while  when  it  is  in  the  same  position  as  in  d-mannonic  acid  the  direc- 
tion of  the  rotation  is  left.  The  rule  was  found  valid  for  phenylhy- 
drazides,  brucine,  strychnine,  and  sodium  and  calcium  salts. 

In  the  early  phase  of  the  work  it  seemed  that  in  salts  of  different 
acids  with  the  same  base  and  possibly  in  all  derivatives  of  the  sugar 
acids,  the  value  of  the  molecular  rotation  of  the  a  carbon  atom  was 
constant.  If  that  were  true  the  magnitude  of  the  rotation  of  the  a 
carbon  atom  of  a  given  salt  would  serve  as  an  index  of  its  purity. 
Following  our  observation,  Hudson2  succeeded  in  demonstrating  that 
in  phenylhydrazides  the  magnitude  of  the  rotation  of  the  /3,  y,  and  8 
carbon  atoms  of  several  monocarboxylic  acids  were  insignificant  as 
compared  with  that  of  the  a  carbon  atom,  so  that  the  direction  of 
the  rotation  of  the  phenylhydrazide  could  be  determined  by  that  of 
the  a  carbon  atom.  Because  of  this  Hudson  suggested  that,  vice 
versa,  the  configuration  of  the  a  carbon  atom  in  a  given  sugar  acid 
may  be  determined  by  the  direction  of  the  rotation  of  its  phenylhy- 
drazide.    Wherever  the  phenylhydrazide  is  obtainable  this  undoubt- 

1  Levene,  P.  A.,  J.  Biol.  Chetn.,  1915,  xxiii,  145.  Levene,  P.  A.,  and  Meyer, 
G.  M.,  ibid.,  1916,  xxvi,  355. 

2  Hudson,  C.  S.,  /.  Am.  Chem.  Soc,  1917,  xxxix.  462. 
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edly  is  correct.  In  our  first  note  on  this  subject  only  one  pair  of 
epimeric  phenylhydrazides  was  discussed,  and  further  work  was  in 
progress  when  Hudson's  article  appeared.  We  did  not  discontinue 
our  work  for  the  reason  that  it  has  furnished  some  interesting  results 
regarding  the  numerical  value  of  the  a  carbon  atom  in  different  de- 
rivatives of  the  same  acid. 

As  already  mentioned,  it  was  expected  that  the  molecular  rotation 
of  the  a  carbon  atom  would  be  constant  in  all  compounds  of  such 
acids,  the  purity  of  which  could  not  be  questioned.  A  scrutiny  of 
the  empirical  values  for  the  molecular  rotation  of  the  a  carbon  atom 
for  the  various  pairs  of  epimeric  salts  revealed  considerable  varia- 
tions, and  it  remained  uncertain  whether  these  were  occasioned  by 
the  impurity  of  some  of  the  acids. 

The  maximum  rotation  of  the  a  carbon  atom  of  a  pair  of  acids  is 
obtained  when  both  acids  are  perfectly  free  from  the  epimeric  acid, 
since  the  rotation  of  the  a  carbon  atom  of  each  of  two  epimers  is  in 
opposite  directions.  There  can  scarcely  be  any  doubt  that  deriva- 
tives of  gluconic  and  mannonic  acids  can  be  obtained  in  perfect 
purity,  since  both  acids  form  crystalline  lactones.  Hence  it  was  sur- 
prising to  find  that  the  rotation  of  the  a  carbon  atom  in  the  pair  of 
allonic  and  altronic  hydrazides  was  of  a  higher  value  than  that  of  the 
gluconic-mannonic  pair.  On  the  other  hand,  in  the  gulonic-idonic 
pair  the  magnitude  of  rotation  was  equal  to  that  of  the  gluconic-man- 
nonic pair.  Hence  it  is  justifiable  to  accept  the  purity  of  idonic  acid. 
On  the  other  hand,  the  value  of  the  rotation  of  the  a  carbon  atom  in 
the  talonic-galactonic  pair  was  much  lower  than  that  of  any  other 
pair.  Besides,  the  rotation  of  both  hydrazides  was  found  to  be  in 
the  same  direction.  Since  galactonic  lactone  is  obtained  in  a  beau- 
tifully crystalline  form,  there  exists  no  doubt  as  to  its  purity.  On  the 
contrary,  the  hydrazide  of  talonic  acid  was  obtained  from  the  bru- 
cine  salt,  and  there  always  existed  among  workers  a  certain  scepti- 
cism as  to  the  purity  of  this  compound.  The  brucine  salt  employed 
in  this  work  has  the  rotation  of  [a]l°  =  —26.15°.  This  is  the  highest 
value  recorded  for  the  rotation  of  the  brucine  salt  of  talonic  acid. 

The  scrutiny  of  the  data  obtained  in  the  course  of  this  work  indi- 
cates that  the  magnitude  of  the  rotation  of  the  a  carbon  atom  is  not 
altogether  constant  even  for  the  series  of  phenylhydrazides,  but  the 
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rule  of  the  relation  of  direction  of  the  rotation  to  the  configuration 
of  the  a  carbon  atom  remains  valid. 

In  the  present  work  all  readings  were  made  on  two  solutions  pre- 
pared from  the  same  sample  so  as  to  reduce  to  a  minimum  the  experi- 
mental error. 


Phenylhydrazide. 

Author. 

c 

T° 

[a] 

A+  B 

2 

Gluconic. 

1 

85 

+  18.0 

1 

85 

+  18.2 

Xef.3 

2 

20 

+  12.0 

Mannonic. 

1 

85 

-10.5 

14.25° 

1 

90 

-10.7 

Hudson.2 

2 

80 

-  8.1 

Gulonic. 

1 

20 

+  13.45 

1 

20 

+  13.87 

Xef. 

4 

20 

+ 13 . 74 

Idonic. 

1 
1 

20 
20 

-15.1 
-IS.  3 

14.25° 

Xef. 

2 

20 

-12.42 

Galactonic. 

1 

25 

+  12.2 

Xef. 

2 

20 

+  10.44 

8.25° 

Talonic. 

0.5 

25 

+  4.35 

Allonic. 

1 

20 

+  25.88 

1 

20 

+25.50 

Altronic. 

1 

20 

-15.8 

20.8° 

1 

20 

-15.9 

Arabonic. 

2.5 

63 

-16.09 

Hudson. 

1 

20 

-14.5 

16.09° 

Ribonic. 

2.5 

63 

+  16.09 

Xef,  J.  U.,  Ann.  Chan.,  1914,  cdiii,  204. 


EXPERIMENTAL. 

The  phenylhydrazides  of  gluconic,  mannonic,  galactonic,  allonic, 
and  arabonic  acids  were  prepared  in  the  usual  way  and  were  recrys- 
tallized  out  of  water.  They  were  obtained  in  the  form  of  perfectly 
colorless  bright  plates. 

The  idonic,  gulonic,  talonic,  altronic,  and  ribonic  acids  were  pre- 
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cipitated  out  of  alcoholic  solutions  by  ether.  A  slightly  gelatinous 
perfectly  white  substance  settled  out,  which  crystallized  out  of  alco- 
hol in  the  form  of  colorless  plates.  Idonic  acid  was  prepared  by  the 
method  of  Van  Ekenstein  and  Blanksma.4 

With  a  few  exceptions  all  readings  were  made  in  a  2  dm.  tube.    Prac- 
tically all  readings  were  made  with  an  accuracy  of  =±=  0.00°. 

4  Van  Ekenstein,  W.  A.,  and  Blanksma,  J.  J.,  Rec.  trav.  chim.  Pays-Bas,  1908, 
xxvii.  1. 


[Reprinted  from  The  Journal  of  Biological  Chemistry,  September,  1917,  Vol.  xxxi, 

Xo.  3,  pp.  627-634.] 


CEREBROSIDES. 
III.  Conditions  for  Hydrolysis  of  Cerebrosldes. 

By  P.  A.  LEYEXE  and  G.  M.  MEYER. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 
(Received  for  publication,  July  26,  1917.) 

The  conditions  of  hydrolysis  of  cerebrosides  followed  by  most  in- 
vestigators remain  as  they  were  introduced  by  Thudichum,1  the  pio- 
neer worker  in  this  field.  Thudichum  made  use  of  two  methods. 
One  consisted  in  heating  the  cerebrosides  in  a  2  per  cent  aqueous  sul- 
furic acid  solution  in  sealed  tubes  for  a  period  varying  from  310  to 
370  hours.  In  the  second  method,  the  substance  was  decomposed 
by  heating  a  solution  in  ethyl  alcohol  containing  sulfuric  acid,  under 
a  reflux.  These  methods  remain  quite  serviceable  for  experiments  of 
a  qualitative  nature.  However,  the  methods  proved  imperfect  for 
an  investigation  into  the  quantitative  relationships  of  the  compon- 
ents of  cerebrosides.  Indeed,  Thudichum  never  intended  them  for 
that  purpose.  On  the  other  hand  subsequent  workers  who  attempted 
the  quantitative  analysis  of  cerebrosides  followed  Thudichum's  di- 
rections without  having  ascertained  the  degree  of  their  accuracy. 

Early  in  our  work  on  the  hydrolysis  of  cerebrosides  we  became 
aware  of  the  fact  that  the  original  methods  of  hydrolysis  demanded 
improvement  from  the  standpoint  of  convenience  and  reliability. 
The  original  aqueous  hydrolysis  was  carried  out  for  a  period  of  over 
300  hours.  It  is  evident  that  this  prolonged  heating  must  bring 
about  a  partial  decomposition  of  the  galactose.  Again,  the  alcoholic 
hydrolysis  (partial  alcoholysis)  was  found  both  inconvenient  and  in- 
accurate. Thudichum  had  demonstrated  the  presence  of  some  inter- 
mediate substances  among  the  products  of  hydrolysis.  Furthermore, 
the  mineral  acid  in  the  presence  of  alcohol  catalyzes  not  only  the  proc- 
ess of  splitting  the  original  substances,  but  also  the  synthetic  proc- 
esses between  alcohol  and  the  cleavage  products.  Hence  the  prod- 
ucts of  reaction  on  boiling  the  cerebrosides  with  an  alcoholic  solu- 

1  Thudichum,  J.  L.  W.,  Physiological  Chemistry  of  the  Brain,  London,  1884. 
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tion  of  a  mineral  acid  are  galactose,  ethyl  galactoside,  fatty  acids 
and  their  ethyl  esters,  sphingosine,  and  mono-  and  diethyl  sphingosine. 
The  separation  of  these  substances  is  not  a  simple  matter. 

Because  of  this,  an  attempt  was  made  to  find  conditions  of  hydroly- 
sis under  which  the  components  of  the  cerebrosides  could  be  obtained 
in  a  fair  degree  of  purity  and  in  a  quantity  approaching  the  values 
required  by  theory.  It  was  found  that  two  operations  were  required, 
one  for  determining  the  sugar  content,  and  a  second  for  determining 
the  base  and  acid.  In  connection  with  the  sugar  estimation  the 
older  methods  particularly  needed  improvement.  During  a  long 
period  when  the  older  methods  of  hydrolysis  were  followed  in  our 
laboratory,  a  yield  of  glucose  approaching  the  theoretical  requirement 
was  obtained  only  once.  A  scrutiny  of  the  results  published  by 
Thierfelder2  and  his  coworkers  shows  that  they  also  encountered  in 
individual  samples  of  cerebrosides  greater  sugar  variations  than  one 
should  have  expected  from  the  practically  constant  elementary  com- 
position of  the  substances. 

Hence  we  undertook  to  determine  the  destructive  influence  on 
galactose  of  mineral  acids  in  concentrations  usually  employed  for 
hydrolysis  of  cerebrosides.     The  details  are  given  in  the  tables. 

On  the  basis  of  these  tables  the  following  conditions  were  selected 
for  the  hydrolysis  of  cerebrosides,  aiming  at  the  sugar  estimation. 
1.0  gm.  of  cerebrosides  and  16  cc.  of  3  per  cent  sulfuric  acid  were 
heated  with  shaking  in  a  sealed  tube  for  12  hours  at  105°.  The  fil- 
trate from  the  insoluble  cake  combined  with  the  wash  water  was  used 
for  the  sugar  estimation.  When  larger  quantities  are  employed  for 
hydrolysis  the  proportions  remain  the  same.  Under  such  conditions 
approximately  90  per  cent  of  the  sugar  present  in  the  cerebroside  is 
obtained.  We  were  unable  to  obtain  more  accurate  results.  We  also 
wish  to  remark  that  when  a  small  quantity  of  cerebroside  is  used  the 
sugar  cannot  be  estimated  polarimetrically  with  a  sufficient  degree  of 
accuracy. 

2  Loening,  H.,  and  Thierfelder,  H.,  Z.  physiol.  Chem.,  1911,  Ixxiv,  282.  Thier- 
felder, ibid.,  1913,  lx.vxv,  35;  1914,  lxxxix,  236.  See  also  Argiris,  A.,  ibid.,  1908, 
lvii,  289. 
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TABLE    I. 
Galactose. 


1.3  gm.  of  galactose  dissolved  in  100  cc.  of  10  per  cent  HC1  -4-  C>H5OH,  4:1.     Portions 
of  20  or  10  cc.  hydrolyzed  for  various  lengths  of  time. 


Original  solution. 

8  hrs 

12    "    

24   "    

48   "    


Per  cent. 


Los 


0.546 
0.380 
0.304 
0.131 
0.022 


0 
0.166 
0.242 
0.415 
0.524 


Per  cent  loss. 

0 
30.40 
44  40 
76.00 
96.00 


II.  3  gm.  of  galactose  dissolved  in  100  cc.  of  2  per  cent  HC1. 


Per  cent. 

Loss. 

Per  cent  loss. 

Original  solution 

0.511 
0.511 

0.4965 
0.4825 
0.4590 

0 

0 
0.0145 
0  0285 
0.0520 

0 

2  hrs 

0 

4   "    

2  85 

8   "    

5  54 

24   "    

10.23 

III.  3  gm 

of  galactose  dissolved  in  100  cc.  of  4 

)er  cent  H2SO 

4- 

Per  cent. 

Lo>5. 

Per  cent  loss. 

Original  solution 

0.5355 
0 . 5355 
0.5105 
0.5070 
0.4820 

0 

0 
0.0250 
0.0285 
0.0535 

0 

2  hrs 

0 

4    M    

4.66 

8    "    

5.34 

24   "    

10.00 

IV.  1  gm.  of  galactose  and  40  cc.  of  alcohol  containing  7  per  cent  H2S04  boiled  for  4 
hours  and  then  hydrolyzed  with  3  per  cent  H2S04  for  various  lengths  of  time. 


Sugar. 


Solution  before  hydrolysis. 
1  hr.  hydrolysis 

3  "  "         

4  «  « 


gm. 
0.0000 
0  6000 
(i  8925 
ii  6950 
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table  I — Concluded. 
Phrenosin. 


I.  2  gm.  of  phrenosin  boiled  with  40  cc.  of  10  per  cent  HC1  +  95  per  cent  alcohol  4:  1  for 

varying  lengths  of  time. 


Amount  of 
phrenosin. 

Time  of  boiling. 

Sui 

;ar. 

gm. 

hrs. 

gm. 

percent 

2.0000 

8 

0.205 

10.25 

1.9946 

12 

0.084 

0.42 

1.9974 

24 

0.031 

0.15 

2.0004 

48 

0.000 

0.00 

II.  3  gm.  of  phrenosin  boiled  with  absolute  alcohol  and  40  cc.  of  7  per  cent  H2S04  for  4 

hours,  and  then  hydrolyzed  with  4.4  per  cent  H2S04. 

Found 11.8  per  cent. 


III.  3  gm.  of  phrenosin  hydrolyzed  with  50  cc.  of  3  per  cent  H2SC 

>4  +  5  cc.  of  alcohol. 

Sugar, 

hrs. 
16 

per  cent 

17  2 

24 

16.3 

IV.  1  gm.  of  phrenosin  heated  in  a  sealed  tube  with  16  cc.  of  3  per  cent  H2S04  at  100° 
for  various  lengths  of  time. 


Sugar. 

hrs- 

2 

per  cent 
6  8 

4 

15  48 

8 

16  32 

11 

17  98 

14 

18  25 

16 

17  68 

24 

16  60 

Analysed  according  to  Rosenheim's  method  (Biochem.  J.,  1916,  x,  146),  11.56 
per  cent. 
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TABLE   II. 
Hydrolysis  in  Sealed  Tube  for  12  Hours  at  105°. 


Sample  No. 

Sugar. 

per  cent 

60C 

18.8 

61  C 

18.6 

62  C 

21.0 

272  C 

19.2 

366  C 

18.8 

514  C 

18.72 

Theory. 

21.8 

For  the  purpose  of  estimating  the  base  and  the  fatty  acids  the  fol- 
lowing conditions  were  found  satisfactory:  1  gm.  of  cerebroside  was 
heated  with  3  per  cent  sulfuric  acid  in  a  sealed  tube  with  shaking  for 
24  hours  at  105°.  After  cooling  the  reaction  product  was  filtered. 
The  insoluble  cake  was  washed  with  distilled  water  on  the  filter,  then 
pressed  between  filter  paper  to  remove  adhering  water.  The  filter 
paper  with  the  substance  was  transferred  to  boiling  methyl  alcohol 
to  which  a  few  drops  of  phenolphthalein  were  added.  This  was  fol- 
lowed by  the  addition  of  a  hot  saturated  solution  of  barium  hydroxide 
in  methyl  alcohol  until  the  reaction  was  strongly  alkaline.  Acetone 
was  then  added  as  long  as  a  precipitate  formed.  When  all  the  barium 
hydroxide  and  the  barium  salts  are  precipitated  the  pink  solution 
turns  colorless.  The  solution  contains  the  base,  and  the  precipitate 
consists  of  the  barium  salts  of  the  fatty  acids.  For  the  purpose  of 
purification  the  fatty  acids  were  liberated  with  hydrochloric  acid,  and 
redissolved  with  acetone.  This  operation  was  repeated  three  times. 
The  soaps  were  suspended  in  water,  decomposed  with  hydrochloric 
acid,  a  little  benzene  was  added,  and  the  flask  was  placed  on  a  water 
bath  until  the  benzene  was  evaporated.  On  cooling,  the  acids 
floated  on  the  surface  of  the  liquid.  They  were  then  filtered"  and  dis- 
solved in  hot  acetone  to  remove  the  inorganic  salts.  The  acetone 
solution  on  evaporation  left  a  dry  residue,  ready  for  analysis.  All  the 
mother  liquors  were  added  to  the  original  solution  containing  the  base. 
The  combined  solution  was  evaporated  nearly  to  dryness  and  ex- 
tracted with  hot  acetone.     The  operation  was  repeated  until  the  final 
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residue  was  completely  soluble  in  acetone.  All  the  insoluble  residues 
were  added  to  the  soaps.  The  acetone  solution  of  the  bases  was 
evaporated  and  dried  to  constant  weight. 

This  method  has  been  tried  out  for  4  years  and  has  always  given 
results  which  were  as  accurate  as  could  be  expected  for  substances  of 
that  nature.  Table  III  contains  the  results  of  only  a  few  of  the 
analyses  carried  out  by  this  method. 

TABLE    III. 


Sample  No. 

Base. 

Fatty  acid. 

per  cent 

per  cent 

60  C    ' 

32.7 

43.0 

61  C 

31.0 

48.6 

62  C 

30.0 

42.8 

366  C 

35.8 

48.52 

514  C 

32.1 

46.7 

Theory. 

34.5 

48.1 

The  results  of  the  elementary  composition  of  the  individual  frac- 
tions were  as  follows. 

The  acids  were  analyzed  directly  after  removing  the  acetone,  if  they 
were  free  from  inorganic  impurities.  Otherwise,  they  were  dissolved 
in  ether  and  freed  from  impurities  by  shaking  with  dilute  hydrochloric 
acid  and  then  with  water.  The  ethereal  solution  was  then  freed  from 
ether  and  the  residue  analyzed. 

60  C     0.1000  gm.  substance  gave  0.2890  gm.  C02  and  0.1150  gm.  H20. 


61  C 

0.1040    " 

<< 

"     0.2888     " 

"       "   0.1162 

a 

62  C 

0.1050    " 

" 

"     0.2894    " 

"       "   0.1162 

<< 

366  C 

0.1055    " 

ic 

"     0.2886    " 

"       "   0.1142 

it 

514  C 

0.1070    " 

a 

"     0.3018    " 

'       "   0.1200 

" 

Calculated  for: 

Found: 

C^H^O?: 

CcsHsoOa: 

60  C 

61  C 

62  C 

366  C    i   514  C 

c 

78.2 

13.2 

75.33 

12.50 

75    10 

12.25 

75.74 
12.50 

75.16 
12.38 

74.60    77.00 

H 

12.10    13.03 

The  base  was  analyzed  in  form  of  the  sulfate.     In  order  to  obtain 
this,  the  fraction  was  dissolved  in  alcohol,  and  an  alcoholic  solution 
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of  sulfuric  acid  was  added  until  the  mixture  reacted  markedly  acid  to 
litmus.  The  mixture  was  allowed  to  stand  15  to  24  hours  at  0°C, 
filtered,  and  washed,  first  with  acetone  and  then  with  ether,  and  dried 
under  diminished  pressure. 

60  C  0.1064  gm.  substance  gave  0.0226  gm.  C02  and  0.0962  gm.  H20. 

61  C  0.0998    "  "  "    0.2334    "       "      "   0.0998    "      " 

62  C  0.0984    "  "  "     0.2264    "       "      "   0.0976    "      " 
514  C  0.1012    "           "  "    0.2252    "       "      "   0.0980    "      " 


Calculated  for 
(CitH3oNOj)2  HSOr. 

Found: 

60  C 

61  C 

62  C 

514  C 

c 

61.08 

10.78 

60.76 

10.00 

64.42 

11.28 

62.87 
11.12 

61.29 

H 

10.95 

The  analytical  figures  for  the  sulfates  deviate  considerably  in  some 
instances  from  the  theory.  This  however,  is  not  due  to  the  presence 
of  impurities  but  occurred  when  an  insufficient  amount  of  sulfuric 
acid  was  added  to  form  the  neutral  salt.  One  or  two  recrystalliza- 
tions  generally  suffice  to  obtain  a  pure  product.  With  more  experi- 
ence in  the  work  analytically  pure  samples  are  obtainable  without 
recrystallization. 

50  gm.  of  material  are  a  convenient  quantity  for  analysis.  Very 
satisfactory  results  were  obtained  when  1.5  gm.  were  hydrolyzed. 
When  the  analysis  of  the  fatty  acid  fraction  obtained  by  this  method 
shows  the  presence  of  both  lignoceric  and  cerebronic  acid,  and  when 
the  identification  of  each  one  is  desired  it  is  advantageous  to  resort 
to  a  separate  hydrolysis  for  each  acid.  For  the  isolation  of  cerebronic 
acid,  the  procedure  is  as  follows. 

10  gm.  of  the  cerebrosides  and  150  cc.  of  a  10  per  cent  hydrochloric 
acid  solution  to  which  30  cc.  of  98  per  cent  ethyl  alcohol  are  added, 
are  heated  for  24  hours  in  a  flask  provided  with  a  reflux  condensor 
and  a  mechanical  stirrer.  On  cooling,  a  solid  cake  is  formed  on  the 
surface  of  the  liquid.  This  is  dissolved  in  hot  methyl  alcohol.  A 
solution  of  barium  hydroxide  is  then  added  and  the  soaps  are  purified 
exactly  in  the  manner  described  above. 

The  acid  obtained  in  this  manner  generally  analyzes  as  follows: 
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A  sample  of  cerebroside  (94  C)  with  [a]"  =  0.00°: 

0.1144  gm.  substance  gave  0.3176  gm.  C02  and  0.1257  gm.  H20. 

C  =  75.71;  H  =  12.30. 

A  sample  of  cerebroside  (221  B)  with  [a]D   =   —2.0°: 

0.1166  gm.  substance  gave  0.3248  gm.  C02  and  0.1317  gm.  H20. 

C  -  75.85;  H  =  12.64. 

From  the  optical  rotation  of  the  substances  it  is  evident  that  they 
contained  cerasin.  On  the  other  hand  samples  of  the  same  nature 
yield  pure  lignoceric  acid  when  decomposed  by  means  of  alcohol 
containing  sulfuric  acid.     The  details  are  as  follows. 

10.0  gm.  of  cerebroside  are  taken  up  in  100  cc.  of  99.5  per  cent  alco- 
hol containing  10.0  gm.  of  sulfuric  acid  and  heated  in  a  boiling  water 
bath  for  8  hours.  The  solution  is  allowed  to  cool  over  night  at 
25°C.  Ethyl  lignocerate  settles  out  in  the  form  of  bright  scales. 
These  are  removed  by  nitration.  The  precipitate  may  be  dissolved 
in  ether,  the  solution  dried  over  potasium  carbonate,  filtered,  and 
analyzed  in  the  form  of  the  ester.  It  also  may  be  converted  into 
the  free  acid. 

Treated  in  this  manner  a  sample  (24  B)  with  [a]2D  =  0.00°  yielded 
an  acid  of  the  following  composition: 

0.1183  gm.  substance  gave  0.3388  gm.  C02  and  0.1139  gm.  H20. 
C  =  78.10;  H  =  13.15. 
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CEREBROSIDES. 
IV.  Cerasln. 

By  P.  A.  LEVENE  and  C.  J.  WEST. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  26,  1917.) 

Thudichum1  was  the  first  to  assume  the  existence  of  more  than  one 
cerebroside  in  brain  tissue.  By  fractionation  from  alcohol  he  suc- 
ceeded in  isolating  from  the  crude  cerebroside  mixture  two  substances. 
One  he  considered  an  individual  glucoside,  which  he  named  phrenosin. 
The  other  substance  he  regarded  as  a  second  cerebroside,  cerasin, 
still  containing  some  phrenosin.  Apparently  for  lack  of  material, 
Thudichum  did  not  accomplish  the  task  of  preparing  a  pure  sample  of 
cerasin,  nor  did  he  furnish  any  informaton  regarding  the  chemical 
differences  of  the  two  cerebrosides. 

Subsequent  workers  have  rediscovered  phrenosin2  and,  in  a  general 
way,  have  substantiated  Thudichum's  claim  for  its  individuality. 

Regarding  the  second  cerebroside,  cerasin,  no  essential  progress  was 
made  for  many  years.  The  substances,  phrenosin  and  cerasin,  were 
distinguished  by  their  solubilities  and  their  physical  appearance.  How- 
ever, in  1913,  a  chemical  distinction  between  phrenosin  and  cerasin 
was  twice  discovered,  nearly  simultaneously.  It  was  found  that  from 
the  so  called  cerasin,  a  fatty  acid  of  the  composition,  C24H43O0,  could 
be  isolated,  whereas  pure  phrenosin  contained  only  cerebronic  acid, 
C25H50O3.  In  this  respect  it  is  worthy  of  note  that  Thudichum  fore- 
saw the  possibility  of  the  two  cerebrosides  differing  only  by  the  nature 
of  their  fatty  acids.  The  new  acid  was  recognized  independently  by 
Levene3  and  by  Rosenheim4  as  lignoceric  acid.  There  still  seems, 
however,  to  exist  a  lack  of  convincing  evidence  that  cerasin  has  ever 

1  Thudichum,  J.  L.  \\\,  Physiological  Chemistry  of  the  Brain,  London,  1884. 
2Loening,  H.,  and  Thierfelder,  H.,  Z.  physiol.  Chem.,  1911,  lxxiv,  282;  1912, 
lxxvii,  202.     Thierfelder,  Z.  physiol.  Client.,  1913,'lxxxv,  35;  1914,  lxxxix,  236. 
8  Levene,  P.  A.,  J.  Biol.  Chem.,  1913,  xv,  359. 

4  Rosenheim,  O.,  Tr.  Int.  Cong.  Med.,  1913.  ii.  626;  Biochem.  J.,  1916,  x,  142. 
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been  obtained  free  from  phrenosin.  It  is  true,  on  the  basis  of  a  new 
test  applied  to  the  study  of  cerebrosides,  namely,  the  selenite  plate 
test,  Rosenheim  claimed  to  have  isolated  pure  cerasin.  However, 
comparing  the  optical  activity  of  the  various  samples  obtained  by 
Rosenheim  with  those  prepared  by  us,  we  feel  certain  that  our  mate- 
rial was  of  the  same  degree  of  purity  as  that  of  the  previous  author. 
The  samples  of  Rosenheim  varied  between  [a]D  =  —2.50°  and  —3.71°, 
whereas  the  [a]D  of  our  samples  varied  between  —2.25°  and  —3.45°. 

The  first  samples  of  cerasin  of  that  nature  were  obtained  by  us  in 
1913.  The  results  were  not  published  at  that  time  for  the  reason 
that  we  hoped  to  obtain  purer  material  by  means  of  the  older  meth- 
ods of  fractional  crystallization,  or  fractional  extraction  by  means 
of  organic  solvents.  We  soon  became  convinced,  however,  that  the 
results  of  the  operations  were  variable,  even  when  the  conditions  of 
purification  seemed  constant.  Evidently  some  unknown  factors 
played  a  part  and  since  the  factors  remained  unknown,  they  could 
not  be  controlled.  Hence  the  method  of  fractionation  was  abandoned 
and  a  search  was  made  for  such  derivatives  of  phrenosin  and  cerasin, 
which  would  possess  properties  suitable  for  the  separation  of  one  from 
the  other. 

With  this  aim  in  view  the  properties  of  the  acetyl,  benzoyl,  cinna- 
moyl,  and  ^-nitrobenzoyl  derivatives  were  investigated.  Benzoyla- 
tion  was  selected  as  the  simplest  and  best  method  for  the  separation 
of  the  two  compounds.  A  convenient  way  of  benzoylation  was  found 
in  the  use  of  pyridine  as  a  solvent,  a  method  first  introduced  by  Ein- 
horn.  The  saponification  of  the  benzoyl  derivative  is  best  accom- 
plished by  means  of  sodium  methylate.  These  are  the  two  essential 
points  of  the  process,  the  details  of  which  are  given  in  the  experi- 
mental part. 

It  should  be  noted  here  that  Rosenheim5  mentioned  the  possibility 
of  accomplishing  the  separation  of  the  two  cerebrosides  through 
benzoylation.  Thierfelder6  later  suggested  the  use  of  the  acetyl 
derivatives. 

It  must,  however,  be  borne  in  mind  that  a  satisfactory  result  is  ob- 
tained only  when  the  starting  material  contains  a  moderate  propor- 

5  Rosenheim,  Biochem.  J.,  1914,  viii,  110. 

6  Thierfelder,  Z.  physiol.  Chem.,  1914,  lxxxix,  248. 
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tion  of  phrenosin;  namely,  a  mixture  with  [a]D  =  0.0°  in  pyridine. 
Hence,  the  complete  process  is  composed  of  an  initial  step  consisting 
of  fractional  precipitation  or  fractional  extraction,  and  a  second  step, 
consisting  of  separation  by  means  of  benzoylation.  As  a  result  of  this 
second  step  a  product  is  obtained  with  [a]D  =  —2.50  to  —3.50°. 

This  levorotation  is  nearly  that  obtained  on  previous  occasions  by 
Rosenheim  in  1916  and  by  us  in  1913.  As  in  1913,  we  are  convinced 
now  also  that  this  material  is  not  yet  free  from  phrenosin.  This  view 
is  based  on  the  fact  that,  on  hydrolysis  with  aqueous  sulfuric  acid 
under  conditions  described  by  Levene  and  Meyer,7  cerasin,  with  the 
highest  levorotation,  yields  a  mixture  of  fatty  acids  containing  about 
77.0  per  cent  carbon.  Furthermore,  on  hydrolysis  in  a  solution  of 
10  per  cent  hydrochloric  acid,  containing  15  per  cent  alcohol,  one  ob- 
tains either  pure  cerebronic  acid,  or  a  mixture  of  cerebronic  and  lig- 
noceric  acids,  whereas,  by  using  alcohol  containing  8  to  10  per  cent 
sulfuric  acid  (by  weight),  one  obtains  pure  lignoceric  acid.  Hence,  it 
is  evident  that  one  may  be  led  into  an  error  if  he  bases  his  conclusion 
on  the  latter  mode  of  cleavage  (alcoholysis).  The  find  of  Rosenheim 
may  be  explained  by  the  fact  that  he  employed  his  method  of 
hydrolysis. 

Thus,  a  complete  separation  of  cerasin  from  phrenosin  has  not  as 
yet  been  accomplished.  The  present  results  are  reported  at  this 
time  because  of  lack  of  confidence  in  a  speedy  solution  of  the  problem. 
For  the  present  we  are  engaged  in  the  preparation  of  large  quantities 
of  material  with  a  rotation  of  approximately  —3.0°. 

In  a  way  the  topic  discussed  here  may  appear  to  possess  a  merely 
academic  interest,  since  the  existence  of  the  two  cerebrosides  is  quite 
certain.  The  only  alternative  hypothesis  would  be  the  existence  of 
one  simple  cerebroside,  phrenosin,  while  cerasin  might  be  a  dicerebro- 
side.  This  view  is  contradicted  by  the  molecular  weight  determina- 
tions by  Kossel  and  Freytag,8  who  found  a  mean  value  of  986,  using 
glacial  acetic  acid  as  the  solvent,  and  by  Rosenheim,9  who  found  a 
mean  of  763,  using  Barger's  microscopic  method,  based  on  vapor 

7  Levene,  P.  A.,  and  Meyer,  G.  M.,  J.  Biol.  Chan.,  1917,  xxxi,  627. 

8  Kossel,  A.,  and  Freytag,  F.,  Z.  physiol.  Chem.,  1893,  xvii,  445. 

9  Rosenheim,  Biochem.  J.,  1916,  x,  153. 
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pressure,  with  pyridine  as  the  solvent.     However,  the  final  and  abso- 
lute proof  of  the  existence  of  a  substance  is  its  isolation. 

EXPERIMENTAL. 

Preparation  of  the  Mixture  of  Cerebrosides. 

The  crude  cerebrosides  used  in  this  work  were  prepared  essentially 
by  the  method  of  Rosenheim.10  The  principal  feature  of  this  method 
consists  in  dissolving  the  "white  matter"  (mixture  of  cerebrosides 
and  sphingomyehn)  in  pyridine.  The  difference  in  the  procedure  was 
that  the  "white  matter"  was  heated  in  commercial  pyridine,  until 
the  solution  was  complete.  This  solution  was  then  allowed  to  stand 
over  night  at  room  temperature.  The  filtrate  contained  the  cere- 
brosides. This  was  concentrated  to  a  small  volume  and  poured  into 
alcohol.  The  precipitate  thus  obtained  was  dissolved  in  hot  90  per 
cent  alcohol,  filtered  from  insoluble  oily  material,  and  again  allowed 
to  cool.  The  precipitate  was  repeatedly  extracted  with  ether.  The 
final  insoluble  produce  was  composed  of  the  mixed  cerebrosides. 

Separation  into  Phrenosin  and  Cerasin  Fractions. 

The  separation  into  phrenosin  and  cerasin  fractions  was  accom- 
plished by  means  of  acetone.  Two  fractions  were  obtained,  one 
practically  insoluble  in  boiling  acetone,  the  other  soluble.  Each  of 
these  fractions  was  a  mixture  of  two  cerebrosides.  However,  the  first 
(insoluble)  contained  a  very  high  proportion  of  phrenosin  while  in 
the  second  (soluble)  cerasin  was  predominating. 

The  procedure  used  was  as  follows:  100  gm.  of  the  cerebrosides 
were  dissolved  in  50  cc.  of  boiling  95  per  cent  ethyl  alcohol  and  to  this 
solution  3  liters  of  boning  acetone  were  added.  A  precipitate  formed 
immediately.  This  was  removed  by  filtering  with  suction,  care  being 
taken  to  warm  the  funnel  before  filtration.  The  insoluble  part  yields 
practically  pure  phrenosin  when  redissolved  in  boiling  alcohol  and 
then  allowed  to  crystallize  in  a  thermostat  at  42°C. 

The  acetone-solution  fraction  was  concentrated  to  a  small  volume 
and  the  cerebrosides  were  allowed  to  separate  out.     The  material  ob- 

10  Rosenheim.  Biochem.  J.,  1914.  viii,  110;  1916.  x,  142. 
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tained  in  this  manner  was  further  fractionated  from  methyl  alcohol. 
For  this  purpose  it  was  dissolved  in  methyl  alcohol  and  then  allowed 
to  stand  at  40°.  This  gave  the  fraction  I  ax.  The  nitrate  from  I  ax 
was  then  allowed  to  cool  to  room  temperature  when  a  second  pre- 
cipitate settled  out.  This  was  designated  I  a2.  On  cooling  to  0°C.  a 
third  fraction,  I  a3,  was  obtained. 

The  further  purification  of  each  of  these  fractions  was  laborious, 
various  modifications  of  Rosenheim's  original  method  being  tried,  and 
the  results  were  variable.  These  fractions  have  no  interest  since  the 
introduction  of  the  benzoylation  process.  In  order  to  obtain  mate- 
rial for  this  process,  the  crude  cerebrosides  may  be  dissolved  in  a  hot 
solution  of  one  part  ethyl  alcohol  and  three  parts  chloroform  (by  vol- 
ume). On  standing  at  room  temperature  a  precipitate  forms,  which 
is  removed  by  filtration.  The  mother  liquor  is  concentrated  and 
either  allowed  to  crystallize  or  is  poured  into  acetone.  Usually  this 
material  has  a  rotation  of  about  0.0°  (in  pyridine).  If  it  is  higher 
(+0.02  to  +0.04°)  the  operation  is  repeated.  In  some  cases  it  was 
found  that  the  mother  liquor  of  the  crystallization  of  the  crude  cere- 
brosides from  ten  parts  of  ethyl  alcohol  also  gave  a  product  with  a 
rotation  of  [a]D  =  0.0°. 

Further  Separation  of  Cerasin  from  Phrenosin  by  Benzoylation. 

As  mentioned  above,  Rosenheim5  first  suggested  the  possibility  of 
a  separation  of  phrenosin  and  cerasin  by  means  of  the  benzoyl  de- 
rivatives. We  have  also  examined  the  acetyl  derivatives  as  a  method 
of  separation  but  find  it  unsatisfactory,  especially  when  compared 
with  the  benzoyl  method. 

The  acetyl  derivative  of  the  material  with  a  rotation  of  about 
—0.02°  was  prepared  as  described  below  and  separated  into  two  frac- 
tions, soluble  and  insoluble  in  methyl  alcohol  at  0°.  The  two  frac- 
tions were  then  saponified  with  sodium  methylate,  and  gave  products 
with  [a]D  of  —0.02°  and  —0.02°.  This  indicates  that  no  separation 
has  been  effected. 

The  benzoyl  derivative  was  prepared  in  pyridine  as  described  on 
page  158.  The  product,  after  removing  the  ether  on  the  water  bath, 
is  taken  up  in  methyl  alcohol  and  cooled  to  0°  over  night.     The 
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supernatant  liquid  is  decanted,  concentrated  to  a  small  volume, 
poured  into  a  solution  of  sodium  methylate  in  methyl  alcohol,  and 
the  mixture  heated  2  hours.  Usually  the  cerebroside  separates  out 
during  the  heating.  After  cooling,  the  precipitate  is  filtered  off, 
washed  thoroughly  with  methyl  alcohol  and  then  wth  acetone,  and 
crystallized  from  methyl  alcohol  until  ash-free.  It  is  usually  neces- 
sary to  decolorize  the  solution  with  animal  charcoal  in  order  to  obtain 
a  colorless  product.  Such  material  showed  values  of  [a]D  varying 
from  -2.2  to  -3.2°  in  pyridine. 

.    ,„      7.4810  X  -  0-08° 

aL  = =  —2.86° 

L    jD  0.4180X0.5 

..  .  7.9450  X-  0:07° 

L    jD  0.5028  X  0.5 

r    ,t0      6.1186  X  -0.08° 

\a  L  = =  —3.2° 

L    jD  0.306X0.5 

Since  the  first  purification  through  the  benzoyl  derivative  was  so 
successful,  it  was  thought  that  the  repetition  of  the  process  would 
yield  a  cerasin  with  a  still  higher  rotation.  A  product  with  [a]2D° 
=  —2.86°  was  therefore  benzoylated  and  the  methyl  alcohol  mother 
liquor  saponified  as  above.  The  cerebroside,  twice  crystallized  from 
methyl  alcohol,  showed  a  value  for  [a]^  of  —2.98°. 

P-  _  5.101  X-  0.10°  o 

L    jD  0.3440X0.5 

This  indicates  little  or  no  purification.  No  better  results  were  ob- 
tained with  the  acetyl  derivative.  The  material  before  acetylation 
had  a  value  of  [a]D  of  —  2.30°,  and  the  product  after  saponification 
of  the  acetyl  derivative  showed  [a]0  =  —2.34°. 

Hydrolysis  of  Cerasin  Obtained  by  Fractionation. 

The  fraction  most  soluble  in  methyl  alcohol  was  further  fraction- 
ated out  of  pyridine  and  chloroform,  which  gave  a  product  with  a 
rotation  of  -2.24°. 

,   «,      5.281  X  -0.17°  nnto 

kin  ■ =  -  2.24° 

L    JD  0.400  X  1 
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30  gm.  of  this  material  were  hydrolyzed  with  450  cc.  of  10  per  cent 
hydrochloric  acid  and  75  cc  of  95  per  cent  alcohol.  The  acids  obtained 
from  this  hydrolysis,  worked  up  in  the  usual  way,  had  the  following 
composition  : 

0.1167  gm.  substance  gave  0.3293  gm.  C02  and  0.1324  gm.  H20. 

Calculated  for  Found: 

C2.H«02:        C20H50O3: 

C 78.20  75.33  76.95 

H 13.16  12.50         12.70 

The  fraction  I  a2  (page  153)  was  extracted  with  dilute  acetone  (one 
part  water  to  ten  parts  acetone) .  The  insoluble  part  had  a  rotation 
of  -3.45°. 

r  v,   5.2834  X  -  0.28° 

a  *  =  =  —  3.45° 

L  jD     0.400  X  1 

20  gm.  of  this  material  were  hydrolyzed  by  boiling  for  6  hours  with 
150  cc.  of  98  per  cent  alcohol  containing  7.5  cc.  of  sulfuric  acid.  On 
standing  over  night  at  room  temperature,  scales  of  ethyl  lignocerate 
separated  out. 

0.1129  gm.  substance  gave  0.3240  gm.  C02  and  0.1318  gm.  H20. 

Calculated  for  Found: 

CmHesO.: 

C 78.8  78.26 

H 13.10  13.16 

15  gm.  of  the  same  sample  were  then  hydrolyzed  with  150  cc.  of  10 
per  cent  hydrochloric  acid  and  15  cc.  of  95  per  cent  alcohol.  The 
fatty  acids  were  obtained  through  the  barium  salts.  The  acids  were 
then  transferred  into  the  ethyl  ester  by  boiling  in  a  solution  of  100  cc. 
of  98  per  cent  alcohol  containing  5  gm.  sulfuric  acid  for  6  hours.  On 
standing,  scales  separated  out,  with  the  following  composition. 

0.1150  gm.  substance  gave  0.3264  gm.  C02  and  0.1306  gm.  H20. 

Calculated  for  Found: 

C«H*Oi: 

C 78.80  77.40 

H 13.10  12.71 
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Hydrolysis  of  Cerasin  Obtained  by  the  Benzoylation  Process. 

3  gm.  of  the  material  with  [a]2°  =  -3.25°  were  heated  in  a  sealed 
tube  with  50  cc.  of  3  per  cent  sulfuric  acid  at  100-105°  for  18  hours. 
The  acids  were  isolated  through  the  barium  salts  and  had  the  following 
composition. 

0.1044  gm.  substance  gave  0.2940  gm.  C02  and  0.1152  gm.  H20. 

Calculated  for  Found: 

C24H4SO2:  C2SH50O3: 

C 78.20  75.33  76.80 

H *....   13.16  12.50  12.35 

Acetyl  Phrenosin. 

Acetyl  phrenosin  was  first  prepared  by  Thierfelder.6  20  gm.  of 
phrenosin,  20  gm.  of  fused  sodium  acetate,  and  200  cc.  of  acetic  an- 
hydride were  heated  to  gentle  boiling  for  \  hour.  The  excess  of 
acetic  anhydride  was  removed  by  distillation  in  vacuum  and  the  semi- 
solid residue  dissolved  in  ether  and  water.  The  ether  solution  of  the 
acetyl  derivative  was  washed  with  water,  with  dilute  akali,  and  again 
with  water,  dried  over  sodium  sulfate,  and  the  ether  concentrated  on 
the  water  bath.  The  residue  was  taken  up  in  hot  dry  methyl  alcohol, 
in  which  it  is  very  soluble,  and  from  which  it  separates  in  a  granular 
condition  upon  cooling.  After  the  second  crystallization  from  methyl 
alcohol,  the  yield  was  14  gm.  of  a  product  with  [a]D  =  —10.4°.  The 
third  crystallization  gave  a  product  with  [a]D  =  —11.07°,  which  was 
not  changed  on  further  purification. 

Acetyl  phrenosin  melts  somewhat  unsharply  at  41-43°.  Thier- 
felder gives  the  melting  point  as  39-41°  and  the  rotation  as  —3°. 
Our  product,  dissolved  in  a  mixture  of  equal  parts  of  chloroform  and 
methyl  alcohol  (by  volume)  showed  the  following  rotation: 

r   ,„       7.0708  X  -  0.39° 

M°  "      0.4980X0.5       "  "  U'°;° 

r   r„      6.5570  X  -  0.-43° 

M»-      0.5066X0.5      --"■°S° 
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0.1052  gm.  substance  gave  0.2568  gm.  C02  and  0.0892  gm.  H20. 

0.5000  gm.  substance  neutralized  4.35  cc.  0.1  n  HC1. 

0.500  gm.  substance,  used  for  an  acetyl  determination,  required  28  cc.  0.1  N 
HC1,  and  in  a  second  experiment,  28.2  cc. 

0.673  gm.  substance,  in  22.56  gm.  chloroform  produced  a  rise  in  boiling  point 
of  0.108°. 

0.943  gm.  substance,  in  22.56  gm.  chloroform,  produced  a  rise  in  boiling  point 
of  0.158°. 

Calculated  for 
hexacetylphrenosin  Found: 

G0H105NO15: 

C 66.68  66.57 

H 9.80  9.49 

N 1.29  1.22 

Ac 23.8  24.08      24.24 

Mol.  wt 1079  1003  960 

One  experiment  was  made  to  determine  whether  the  same  deriva- 
tive could  be  prepared  by  the  use  of  acetyl  chloride.  20  gm.  of 
phrenosin  were  dissolved  in  150  cc.  of  pyridine,  the  solution  was 
cooled  to  0°C,  16  cc.  of  acetyl  chloride  were  added  in  portions,  and 
the  mixture  was  allowed  to  stand  2  days  at  0°C.  The  pyridine  hy- 
drochloride was  filtered  off,  the  solution  washed  with  water,  dilute 
hydrochloric  acid,  and  then  with  water,  dried  with  sodium  sulfate, 
and  concentrated.  The  residue  was  crystallized  repeatedly  from 
methyl  alcohol.  After  the  fourth  crystallization,  it  had  a  rotation  of 
—  8.41°,  and  melted  at  about  40°. 

r   ro      6.1218  X  -0.33° 

W»  "     0.4794X0.5      "  -  8'4,° 

The  analysis  indicates  that  it  is  probably  a  mixture  of  acetyl 
derivatives.     It  was  not  purified  further. 

0.1008  gm.  substance  gave  0.2484  gm.  C02  and  0.0896  gm.  H20. 

Calculated  for 
Hexacetyl-      Triacetyl- 
phrenosin        phrenosin  Found: 

OoHiosNOis:   CmHjsNOk: 

C 66.68  67.94  67.22 

H 9.80  10.46  9.96 

Acetyl  Cerasin. 

20  gm.  of  a  cerasin  with  [a]"  =  —2.8°,  20  gm.  of  sodium  acetate, 
and  200  cc.  of  acetic  anhydride  were  boiled  under  a  reflux  for  \  hour. 
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The  reaction  product  was  worked  up  as  described  above,  and  the 
product  then  twice  crystallized  from  methyl  alcohol.  This  material 
did  not  show  a  change  in  rotation  upon  further  purification  from 
methyl  alcohol.  It  is  slightly  more  insoluble  in  methyl  alcohol  than 
is  acetyl  phrenosin,  as  stated  by  Thierfelder.6  Acetyl  cerasin  melts 
at  54-56°,  and  in  a  mixture  of  equal  parts  of  chloroform  and  methyl 
alcohol  gave  the  rotation: 

L   jD  0.4324X0.5 

0.1035  gm.  substance  gave  0.2576  gm.  CO2  and  0.0932  gm.  H2O. 
0.500  gm.  substance  neutralized  4.4  cc.  0.1  n  HC1. 

Calculated  for 
pentacetylcerasin  Found: 

CstHioiNOis: 

C 67.87   .  67.75 

H 10.10  10.00 

N 1.40  1.23 

As  stated  on  page  153,  the  acetyl  derivatives  are  not  a  suitable 
means  of  separating  phrenosin  and  cerasin. 

Benzoylphrenosin. 

10  gm.  of  practically  pure  phrenosin  were  dissolved  in  100  cc.  of 
pyridine,  cooled  to  room  temperature,  and  treated  with  12  cc.  of  ben- 
zoyl chloride.  The  reaction  mixture  was  cooled  under  the  water 
tap  and  then  allowed  to  stand  at  0°C.  over  night.  The  next  day  the 
pyridine  hydrochloride  was  filtered  off,  the  solution  concentrated  in 
vacuum  at  50°C,  and  the  resulting  oily  liquid  poured,  with  stirring, 
into  a  large  volume  of  about  2  per  cent  sodium  hydroxide  solution. 
The  benzoylphrenosin  separated  as  an  oil  on  the  sides  and  bottom 
of  the  dish.  After  washing  with  water  and  hydrochloric  acid,  the 
material  was  taken  up  in  ether  and  dried  with  sodium  sulfate.  An 
alternative  procedure  is  to  dissolve  the  pyridine  containing  oily  mate- 
tial  in  ether,  then  shake  with  dilute  acid  and  alkali,  then  with  water, 
and  dry  this  solution.  After  removal  of  the  ether  the  product  is 
taken  up  in  hot  methyl  alcohol.  From  a  concentrated  solution,  the 
benzoyl  derivative  separates  as  an  oil,  which  solidifies  on  cooling. 
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From  a  sufficiently  dilute  solution  it  separates  as  colorless  nearly 
crystalline  material,  which  is  easily  filtered.  It  may  also  be  obtained 
in  a  granular  form  from  ethyl  alcohol.  It  is  easily  soluble  in  acetone, 
benzene,  petroleum  ether,  chloroform,  acetic  acid,  and  pyridine. 

In  an  experiment  in  which  80  gm.  of  phrenosin  were  used,  the 
benzoyl  derivative  was  purified  by  crystallization  from  methyl 
alcohol,  then  from  acetone  (in  which  about  50  per  cent  of  the  material 
was  lost) ,  and  then  from  methyl  alcohol  until  the  rotation  was  con- 
stant. The  melting  point  as  observed  on  this  material  was  fairly 
sharp  at  65-66°. 

In  methyl  alcohol  and  chloroform  the  rotation  is : 

7.H84  X  +  0.75° 
U     L   Jd  0.5062  X0.5 

r   .„      6.1518  X   +   0.92°  t    „„ 

II  Tal    = ! =  +21.27° 

•     l   J°  0.5320X0.5 

r   .„       6.1060  X  +  0.91° 

III  \a]     = -  +  21.20° 

L   -1°  0.5240  X  0.5 


Sample  I  was  obtained  from  material  which  contained  at  least  75  per  cent 
cerasin.  Samples  II  and  III  were  obtained  from  material  considered  nearly  pure 
phrenosin.  The  analysis  and  molecular  weight  indicate  that  this  material  of 
constant  rotation  was  probably  a  tribenzoylphrenosin. 

0.1004  gm.  substance  gave  0.2704  gm.  C02  and  0.0792  gm.  H20. 

0.1028    "  "  "     0.2784    "       "      "  0.0866    "      " 

0.1000    "  "  "    0.2707    "       "      "  0.0776    "      " 

0.5000    "  "         neutralized  4.40  cc.  0.1  nHCI. 

0.5000    "  "  "         4.10  "   0.1      " 

0.500      "  "         used  for  a  benzoyl  determination  required  11.6  cc.  0.1  N 

NaOH,  and  in  a  second  experiment  11.9  cc. 

0.255       "  "         in  23.21  gm.  chloroform  raised  the  boiling  point  0.026°. 

0.682       "  "         as  above,  raised  the  boiling  point  0.108°. 

1.008      "  "  M      "  "      "        "  "     0.160°. 

Calculated  for 
tribenzoylDhrenosin  Found: 

C69HiosXOi::  » 

C 72.65  73.45      73.89  73.81      . 

H 9.28  8.  S3        9.43        8.69 

N 1.23  1.23        1.12 

CgHsCO 25.32  24.36  24.99 

Mol.  wt 1,139  1,037       1,066  1,092 

Average 1,065 
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An  attempt  was  then  made  to  prepare  a  hexabenzoyl  derivative. 
40  gm.  of  the  above  mentioned  material  were  dissolved  in  300  cc.  of 
pyridine  and  treated  with  400  cc.  of  benzoyl  chloride.  After  work- 
ing up  as  usual,  the  product  was  taken  up  in  methyl  alcohol.  An  oil 
formed  which  would  not  solidify  even  after  standing  several  weeks. 
Since  the  material  with  constant  rotation  served  our  need  the  experi- 
ment was  discarded. 

Phrenosin  from  Benzoylphrenosin. 

About  10  gm.  of  sodium  were  dissolved  in  300  cc.  of  methyl  alcohol 
and  20  gm.  of  benzoylphrenosin  added  with  shaking  (the  benzoyl- 
phrenosin may  also  be  added  in  acetone  solution).  A  white  precipi- 
tate gradually  forms  upon  boiling  (immediately,  if  an  acetone  solu- 
tion is  used).  After  boiling  for  2  hours,  the  reaction  product  is 
cooled  in  the  ice  box,  the  precipitate  filtered  off,  recrystallized  from 
methyl  alcohol,  then  from  glacial  acetic  acid,  and  finally  from  a 
mixture  of  equal  parts  of  methyl  and  ethyl  alcohols. 

The  phrenosin  crystallizes  practically  quantitatively,  for  upon  con- 
centration of  the  mother  liquor  only  sodium  benzoate  was  obtained. 
The  rotation  of  this  material  in  pyridine  corresponds  well  with  that 
found  for  the  phrenosin  obtained  by  fractionation  of  the  top  fraction 
of  the  cerebroside  mixture.     Rosenheim  gives  +3.78°  and  +3.70°. 

In  pyridine  the  rotation  was : 

+8.O000  x  <ur 

L   1°  0.5232  X  0.5 

Cinnamoylphrenosin . 

10  gm.  of  phrenosin  were  dissolved  in  100  cc.  of  pyridine  and  15  gm. 
of  cinnamoyl  chloride  added.  After  standing  over  night  at  0°,  the  fil- 
tered solution  was  concentrated  and  worked  up  as  described  above. 
The  resulting  product  was  purified  by  crystallization  from  methyl 
or  ethyl  alcohol,  or  from  acetone.  Twice  recrystallized  from  methyl 
alcohol,  and  once  from  acetone,  the  substance  analyzed  as  a  tricin- 
namoylphrenosin.  Tricinnamoylphrenosin  is  slightly  less  soluble  in 
organic  solvents  than  the  benzoyl  derivative.     It  melts  at  69-70°. 
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f aT=  7.2060  X  0.75°  y, 

L   Jd         0.4976X85         +l     l 

0.1028  gm.  substance  gave  0.2718  gm.  C02  and  0.0868  gm.  H20. 
0.1016    "  "  "    0.2732    "       "      "   0.0870    "      " 

0.500      "  "         neutralized  4.3  cc.  0.1  N  HC1. 

Calculated  for 
tricinnamoylphrenosin  Found: 

C76H111NO12: 

C 73.89  73.22       73.33 

H 9.18  9.45        9.58 

N 1.15  1.20 

p-N  itrobenzoyl  phrenosin. 

20  gm.  of  phrenosin,  dissolved  in  200  cc.  of  pyridine,  were  treated 
with  32  gm.  of  />-nitrobenzoyl  chloride,  and  the  mixture  was  allowed 
to  stand  24  hours  at  0°.  The  reaction  product  was  worked  up  as 
usual.  The  residue  from  the  ether  was  extracted  with  hot  acetone, 
the  acetone  removed  on  the  steam  bath,  and  the  product  extracted 
with  boiling  methyl  alcohol.  On  cooling,  the  larger  part  of  the  ni- 
trobenzoate  separated  as  an  oil.  This  was  again  extracted  with 
boiling  methyl  alcohol,  and  the  resulting  cake  twice  crystallized  from 
a  large  volume  of  methyl  alcohol.  ^-Nitrobenzoylphrenosin  is  very 
soluble  in  acetone,  and  melts  at  94-96°.  Analyses  indicates  that  tri- 
/j-nitrobenzoylphrenosin  is  formed.  The  rotation  in  chloroform  and 
methyl  alcohol  was: 

r   ,a,      8.6510X0.35°  o0 

M»  =  0.4970X0.50   "  +  1218 

0.1058  gm.  substance  gave  0.2542  gm.  C02  and  0.0810  gm.  H20. 
0.1000    "  "  "    4.00  cc.  N  gas  at  22°C.  and  767  mm. 

Calculated  Tor  Found: 

C69H102N4O2S: 

C 65.00  65.52 

H 8.06  8.57 

N '. .     4.40  4.67 


[Reprinted  from  The  Journal  of  Biological  Chemistry,  September,  1917,  Vol.  xxxi, 

No.  3,  pp.  649-654.] 


CEREBROSIDES. 
V.  Cerebrosldes  of  the  Kidney,  Liver,  and  Egg  Yolk. 

By  P.  A.  LEVENE  and  C.  J.  WEST. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  26,  1917.) 

With  the  progress  of  our  knowledge  of  the  lipoids  of  the  various 
organs  of  the  animal  body  there  comes  a  conviction  that  there  does  not 
exist  much  variation  in  the  chemical  composition  of  the  individual 
lipoids  with  the  variation  of  the  organs  or  tissues  from  which  they 
originate.  Up  to  the  present  this  has  been  found  true  in  regard  to 
cephalin1  and  sphingomyelin.2  The  present  note  contains  data  re- 
garding the  cerebrosides  obtained  from  the  same  sources.  The  cere- 
brosides  are  found  in  organs  other  than  the  nervous  system  in  very 
small  proportions.  Because  of  this  the  purification  is  associated 
with  many  difficulties.  Furthermore,  it  is  nearly  impossible  to  ob- 
tain sufficiently  large  quantities  of  material  for  an  exhaustive  analysis. 

For  the  present,  one  is  satisfied  to  be  able  to  show  the  presence  of 
cerebrosides  in  several  tissues — in  the  egg  yolk,  in  the  liver,  and  in 
the  kidney — and  to  be  able  to  state  that  the  composition  of  these 
cerebrosides  seems  to  be  identical  with  that  of  the  cerebrosides  ob- 
tained from  the  nerve  tissue.  They  contain  the  same  sugar,  galac- 
tose, the  same  base,  sphingosine,  and  the  same  fatty  acids,  lignoceric 
and  cerebronic. 

It  is  not  certain  whether  the  two  cerebrosides,  phrenosin  and  cera- 
sin,  occur  in  the  same  proportions  in  nerve  tissue  and  in  the  various 
other  organs.  The  same  remark  applies  regarding  every  other  indi- 
vidual lipoid.  It  is  possible  that  the  proportions  do  vary  with  the 
variation  of  the  organ. 

Historically  it  must  be  mentioned  that  the  first  evidence  of  exist- 
ence of  cerebrosides  in  other  organs  than  nervous  tissue  was  furnished 

1  Levene,  P.  A.,  and  West,  C.  J.,  /.  Biol.  Chem.,  1916,  xxiv,  111. 

2  Levene,  /.  Biol.  Chem.,  1916,  xxiv,  69. 
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by  Hoppe-Seyler,3  and  later  by  Kossel  and  Freytag,4  who  discovered 
the  presence  of  cerebrosides  in  pus  cells.  Recently  Rosenheim  and 
MacLean5  showed,  by  the  isolation  of  lignoceric  acid  and  sphingosine 
from  the  so  called  carnaubon  of  Dunham,6  that  the  kidney  probably 
contained  cerebrosides,  but  these  were  not  isolated  in  a  pure  state. 

The  following  table  gives  the  composition  and  optical  activity  of 
the  various  cerebrosides  thus  far  studied. 


Source. 

c 

H 

N 

[«E 

Phrenosin 

Cerasin 

Brain. 

«< 

Kidney. 
Liver. 
Egg  yolk. 

69.51 
69.53 
69.60 
68.36 
69.32 
69.65 
71.20 

11.37 
11.70 
11.30 
11.23 
11.19 
11.23 
11.33 

1 
1 
1 
1 
1 
1 
1 

69 
68 
68 

80 
89 
70 

9.6*  (3.6)** 
-3.25** 
+  14.00* 

<< 

tt 

+4.40* 

Theory  for  phrenosin 

"         "    cerasin 

*  In  chloroform  and  methyl  alcohol. 
**  In  pyridine. 

EXPERIMENTAL. 

Kidney  Cerebrosides. 

The  preparation  of  the  cerebrosides  from  the  kidney  was  accom- 
plished by  following  the  general  plan  outlined  in  the  previous  com- 
munication.7 However,  in  place  of  pure  cerebrosides  which  are  ob- 
tained from  nerve  tissue  by  this  process,  the  material  prepared  from 
the  crude  kidney  "white  matter"  contained  a  considerable  proportion 
of  neutral  fat,  the  removal  of  which  was  found  very  troublesome.  A 
great  aid  for  the  purpose  of  purification  of  this  material  was  found 
in  the  use  of  methyl  ethyl  ketone.  By  repeated  crystallization  from 
this  reagent  of  the  crude  cerebrosides  a  substance  was  finally  obtained 
which  had  all  the  properties  of  the  mixed  cerebrosides.     This  mate- 

3  Hoppe-Seyler,  F.,  Mcd.-Chcm.  Untersuch.,  1866-71,  486. 

4  Kossel,  A.,  and  Freytag,  F.,  Z.  physiol.  Chetn.,  1893,  xvii,  452. 

5  Rosenheim,  O.,  and  MacLean,  H.,  Biochem.  J.,  1915,  ix,  103. 

6  Dunham,  E.  K.,  /.  Biol.  Chem.,  1908,  iv,  297.  Dunham,  E.  K.,  and  Jacobson, 
C.  A.,  Z.  physiol.  Chem.,  1910,  lxiv,  302. 

7  Levene  and  West,  J.  Biol.  Chem.,  1917,  xxxi,  635. 
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rial  gave  with  orcin  the  typical  test  fo"  galactose,  and  on  hydrolysis 
yielded  sphingosine  and  the  typical  fatty  acid  mixture. 

0.0984  gm.  substance  gave  0.2456  gm.  C02  and  0.0972  gm.  H20. 
0.500      "  "         neutralized  6  cc.  0.1  N  HC1. 

Calculated  for 
phrenosin:  Found: 

C 69.65  69.60 

H 11.24  11.30 

N 1.70  1.68 

The  optical  rotation  of  the  substance,  in  a  mixture  of  equal  parts  of  chloroform 
and  methyl  alcohol  (by  volume)  was: 

r   -.20      9.5312  X  0.26° 

Hn  = =  +  14-00° 

L    jD         0.3550X0.5 


Hydrolysis  of  the  Mixed  Cerebrosides. 

1.5  gm.  of  the  mixed  cerebrosides  were  heated  with  75  cc.  of  3  per  cent  sulfuric 
acid  for  24  hours  in  a  sealed  tube  at  105°.  The  base  and  acids  were  separated 
and  prepared  for  analysis  as  described  in  a  previous  article. 

The  acids  had  the  following  composition: 

0.1012  gm.  substance  gave  0.2978  gm.  C02  and  0.1098  gm.  H20. 

Calculated  for  Found: 

C25HS0O3:  CitRaQh: 

C 75.33  78.20  75.40 

H 12.50  13.20  12.18 

Thus  the  acid  was  apparently  nearly  pure  cerebronic  acid,  C05H50O3. 
The  base  was  transformed  into  the  sulfate  and  gave  the  following  figures  on 
analysis. 
0.0990  gm.  of  substance  gave  0.2264  gm.  C02  and  0.0910  gm.  H20. 

Calculated  for  Found: 

(CnH36N02)2H;SO<: 

C 61.08  62.36 

H 10.78  10.29 

Crude  sphingosine  sulfate,  previous  to  crystallization,  very  fre- 
quently gives  analytical  data  as  in  the  present  experiment.  There 
is  little  doubt  that  the  base  of  the  kidney  cerebrosides  is  sphingosine. 
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Liver  Cerebrosides. 

Desiccated  and  pulverized  liver  tissue  was  allowed  to  stand  over 
night  with  95  per  cent  alcohol  and  then  filtered.  The  residue  was 
repeatedly  extracted  with  boiling  alcohol,  each  extraction  lasting 
about  \  hour.  The  combined  extracts,  on  standing  in  the  refrigerator, 
at  0°,  gave  a  dark,  nearly  black  deposit,  which  corresponds  to  the 
"white  matter"  of  the  brain  extracts.  This  deposit  was  extracted 
in  the  cold  progressively  with  acetone,  alcohol,  and  ether.  The  still 
dark  but  quite  dry  mass  was  fractionated  into  two  parts  by  dissolv- 
ing it  in  hot  pyridine  and  allowing  it  to  cool  to  room  temperature. 
The  mother  liquor  containing  the  cerebrosides  was  concentrated  and 
poured  into  acetone.  The  precipitate  thus  obtained  was  still  very 
dark.  For  further  purification  it  was  boiled  with  hot  alcohol;  a  small 
part  remained  insoluble.  The  solution  was  decanted  and  a  concen- 
trated solution  of  barium  hydroxide  was  added  as  long  as  a  precipi- 
tate formed.  This  mixture  was  allowed  to  stand  in  the  ice  box,  and 
the  precipitate  which  formed  was  repeatedly  extracted  with  boiling 
alcohol.  The  extracts,  upon  cooling  to  0°,  gave  a  precipitate  which 
had  the  appearance  and  properties  of  the  brain  cerebrosides.  This 
product  was  then  repeatedly  extracted  with  ether,  when  analysis 
showed  that  it  was  still  contaminated  with  large  amounts  of  neu- 
tral fat.  The  purification  was  then  continued  by  extraction  with 
ether  and  by  crystallization  from  acetic  acid.  The  product,  however, 
persisted  in  containing  neutral  fat.  Finally,  the  product  was  dis- 
solved in  hot  methyl  ethyl  ketone,  from  which  it  settled  out  on  cool- 
ing. This  was  repeated  three  times,  the  product  then  having  the 
composition  of  cerebrin,  Because  of  the  great  losses  connected  with 
the  purification  it  was  not  possible  to  obtain  sufficient  material  for 
hydrolysis.  The  test  for  galactose  was  positive  and  there  is  little 
doubt  that  we  are  dealing  with  a  characteristic  cerebroside  mixture. 

0.1006  gm.  substance  gave  0.2522  gm.  C02  and  0.1010  gm.  H20. 

Calculated  for 
pbrenosin:  Found: 

C 69.65  68.36 

H 11.24  11.23 
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Egg  Cerebrosides. 

Egg  yolk  (dried  commercial  egg  yolk  was  used  in  all  the  work) 
was  thoroughly  extracted  with  acetone  at  room  temperature,  to  re- 
move egg  oil.  The  material  was  then  extracted  with  boiling  alcohol, 
repeatedly,  as  in  the  former  preparations  The  combined  alcoholic 
extracts  were  concentrated  to  a  small  volume,  and  repeatedly  treated 
with  acetone,  to  complete  the  removal  of  the  egg  oil.  The  acetone- 
insoluble  fraction  (lecithin,  cephalin,  cerebrosides,  and  saturated 
phosphatides)  was  extracted  with  ether.  A  small  part  did  not  go 
into  solution.  The  ether  suspension  was  centrifuged,  the  insoluble 
material  suspended  in  acetone,  filtered  off,  and  again  extracted  with 
ether.  The  insoluble  material  then  corresponded  to  "white  matter" 
previously  mentioned,  and  is  the  material  analyzed  by  Stern  and 
Thierfelder8  and  considered  impure  diaminomonophosphatide.  It 
was  later  given  the  name  albin  by  Bing  and  Ellermann.9 

This  was  fractionated  out  of  pyridine  as  described  above.  The 
cerebroside  fraction  was  crystallized  out  of  glacial  acetic  acid  and 
the  neutral  fat  removed  by  repeatedly  extracting  with  acetone  at 
50°,  and  finally  by  crystallization  from  methyl  ethyl  ketone.  This 
material  possessed  all  the  physical  properties  of  the  mixed  cerebro- 
sides, and  gave  the  galactose  test  with  orcin. 

0.1020  gm.  substance  gave  0.2476  gm.  C02  and  0.0974  gm.  H20. 
0.5000    "  "         neutralized  6.75  cc.  0.1  N  HC1. 

Calculated  for 
phrenosin:  Found: 

C 69.65  69.32 

H 11.24  11.19 

N 1.70  1.89 

The  optical  activity  of  the  material  in  a  mixture  of  methyl  alcohol  and  chloro- 
form was: 

r   -,.0       12.4.S70X0.110 

W°  "     0..S062X0.5     "  +  "°° 

8  Stern,  M.,  and  Thierfelder,  H.,  Z.  physiol.  Chem.,  1907,  liii,  370. 

9  Bing,  H.  J.,  and  Ellermann,  V.,  Biochem.  Z.  1912,  xlii,  289. 
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Hydrolysis  of  Egg  Cerebrosides. 

1.5  gm.  of  the  substance  were  heated  in  a  sealed  tube  with  75  cc. 
of  3  per  cent  sulfuric  acid  for  24  hours  at  105°. 

The  acids  and  bases  were  prepared  in  the  manner  described  above. 

0.1000  gm.  substance  gave  0.2708  gm.  C02  and  0.1070  gm.  H20. 

Calculated  for 
C25HsoOj:  Found: 

C 75.33  74.52 

H 12.50  12.09 

The  base  was  analyzed  as  the  sulfate. 

0.0905  gm.  substance  gave  0.2024  gm.  C02  and  0.0810  gm.  H20. 

Calculated  for 
(CnHisN02)2H2S04:  Found: 

C 61.08  60.99 

H 10.78  10.01 


[Reprinted  from  The  American  Journal  of  Physiology,  October,  1917,  Vol.  xliv,  No.  3, 

pp.  320-343.] 


ON  THE  PRESENCE  OF  ALBUMOSES  IN  THE  TISSUES 
AND  IN  THE  BLOOD,  WITH  SPECIAL  REFERENCE 
TO  THEIR  OCCURRENCE  IN  THE  GASTRO- 
INTESTINAL MUCOSA.1 

By  JOHX  J.  ABEL,  M.  C.  PINCOFFS  and  C.  A.  ROUILLER. 
(From  the  Pfiarmacological  Laboratory  of  the  Johns  Hopkins  University.) 

(Received  for  publication,  August  7,  1917.) 

It  will  be  admitted  that  it  is  a  matter  of  physiological  importance  if 
it  can  be  established  (1)  that  albumoses  are  present  in  various  organs 
of  the  body  as  integral  components  of  their  cells;  (2)  that  the  absorbing 
mucosa  of  the  stomach  and  small  intestine  contain  these  substances 
in  larger  amount  than  other  tissues,  especially  during  the  digestive 
period,  and  (3)  that  the  plasma  of  the  blood,  the  transporting  agent 
of  the  body,  carries  these  substances  from  the  stomach  and  intestines 
to  other  tissues.  A  study  of  these  questions  which,  as  is  well  known, 
are  not  new,  was  forced  upon  us  when  we  undertook  to  isolate  certain 
active  constituents  of  the  mucosa  of  the  stomach  and  the  small  intes- 
tine. It  was  not  difficult  to  prepare  from  this  tissue  a  water  soluble 
powder  which  showed  great  physiological  activity  in  stimulating  an 
intestinal  or  uterine  strip  or  in  causing  the  pancreas  to  secrete  freely. 
Always  such  powders,  although  entirely  free  from  coagulable  proteids, 
gave  both  the  Pauly  and  the  biuret  reactions.  We  would  note  here 
that  one  of  our  preparations  from  the  intestinal  mucosa  of  the  pig, 
which  caused  almost  maximal  contractions  of  the  virgin  guinea  pig's 
uterus  in  the  proportion  of  1 :  1,000,000  and  which  also  caused  a  dis- 
tinct rise  of  blood  pressure  (cat),  furnished  a  colorless  aqueous  soluT 
tion  which  in  these  respects,  as  well  as  in  its  chemical  reactions  (biuret 
and  Pauly  reactions),  behavior  towards  polarized  light  and  towards 
saturation  with  ammonium  sulphate,  was  strictly  comparable  to  a 
somewhat   diluted   aqueous   extract  of   the  pituitary  gland.     This 

1  This  investigation  was  aided  by  a  grant  from  The  Rockefeller  Institute  for 
Medical  Research. 
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striking  analogy  led  to  a  more  careful  study  of  the  biuret-yielding  sub- 
stance and  its  identification  as  a  secondary  albumose. 

That  a  stimulant  for  the  intestinal  musculature  can  be  extracted 
from  the  cells  of  the  gastric  and  intestinal  mucosa  was  first  shown  by 
Enriquez  and  Hallion  (1).  It  is  not  our  purpose  now  to  report  on  or 
analyze  the  great  number  of  investigations  that  deal  with  the  "per- 
istaltic hormones"  (2)  that  have  been  isolated  from  many  organs  of 
the  body,  but  we  wish  to  emphasize  the  fact  that  it  is  not  difficult  to 
prepare  an  extract  of  the  intestinal  mucosa,  like  that  referred  to 
above,  which  is  highly  active  in  the  proportion  of  1 :  1,000,000.  Inas- 
much as  the  active  motiline  can  be  present  only  in  small  amount  in 
this  extract,,  we  may  safely  predict  that  when  once  it  has  been  iso- 
lated as  a  chemical  individual  it  will  be  found  to  be  no  less  active  than 
/3-imidoazolylethylamine  or  than  the  uterine  stimulant  of  the  pitui- 
tary gland.  The  thought  naturally  arises  that  this  powerful  motor 
constituent  of  the  pituitary  body  is  possibly  identical  with  that 
shown  to  be  present  in  the  gastric  and  intestinal  mucosa  and  else- 
where in  the  body.  The  great  activity  of  only  partially  purified  ex- 
tracts of  the  gastric  and  intestinal  mucosa,  which  still  contain  a  pre- 
ponderance of  albumoses,  amino  acids  and  inorganic  salts,  certainly 
justifies  us  in  raising  this  question.  We  hope  to  be  able  at  a  later 
date  to  give  something  more  tangible  than  a  hypothesis  on  this  point.2 

Albumoses  in  the  Gastric  and  Intestinal  Mucosa. 

As  to  the  presence  of  albumoses  in  the  gastric  and  intestinal  mu- 
cosa, it  is  well  known  that  Hofmeister,  one  of  the  earlier  investigators 
in  this  field,  maintained  that  "peptone"  is  present  in  these  tissues. 
As  far  as  is  known  to  us,  the  rigid  proof  for  such  an  assertion,  which 
consists  in  the  actual  isolation  of  an  albumose  or  peptone  from  the 

2  We  find  that  Kohler  (Organextracte  als  Wehenmittel,  Zentralb.  f.  Gynakologie, 
1915,  891)  while  offering  no  opinion  as  to  the  identity  of  the  substances  concerned, 
has  suggested  that  an  extract  of  some  organ  or  organs  other  than  the  hypophysis 
might  be  used  instead  of  the  latter  as  an  oxytocic  in  therapeutics.  In  our  opinion, 
the  mucosa  of  the  pig's  stomach,  from  which,  as  already  stated,  a  preparation  that 
raises  the  blood  pressure  and  stimulates  the  uterus  and  the  intestine  may  readily 
be  prepared,  should  furnish  a  substitute  for  the  costly  hypophysis  preparations. 
Further  research  must  determine  whether  this  suggestion  is  commercially  feasible. 
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gastric  and  intestinal  mucosa,  was  not  given  by  Hofmeister  or  by  his 
pupils.  Indeed,  with  a  few  exceptions  (Nolf,  Asher  and  their  pupils), 
physiologists  and  bio-chemists  are  inclined  to  the  opinion  that  the 
proteids  of  our  food  are  absorbed  only  in  the  form  of  the  ultimate  end 
products  of  digestion — the  amino  acids,  although  the  possibility  that 
lower  polypeptids  may  also  pass  into  the  blood  is  admitted. 

Some  have  no  doubt  been  willing  to  admit  the  taking  up  by  the 
intestinal  and  possibly  by  the  gastric  mucosa  of  albumoses  and  pep- 
tones (the  biuret-yielding  polypeptids)  but  finding  no  evidence  that 
the  plasma  of  the  portal  blood  is  a  carrier  of  such  biuret-yielding  poly- 
peptids, these  authors  have  fallen  back  on  the  supposition  that  these 
compounds  are  broken  down  to  abiuret  products,  amino  acids  and 
lower  polypeptids,  in  the  mucosa  itself. 

Our  method  can  be  described  here  in  outline  only.  Many  details  of  the  opera- 
tions will  be  self  evident  to  experienced  workers.  The  treatment  was  the  same 
with  both  gastic  and  the  intestinal  mucosa.  The  description  here  given  applies 
specifically  to  the  upper  portion  (three  to  four  feet  in  length)  of  the  small  intestine 
of  the  pig,  but  is  equally  serviceable  in  working  up  the  mucosa  of  "the  stomach.  The 
intestines  were  brought  quite  fresh,  many  being  still  warm,  from  a  slaughter  house 
in  close  proximity  to  the  laboratory.  They  were  immediately  slit  open  and  thor- 
oughly cleaned  by  agitation  under  a  current  of  water  until  freed  from  adherent 
mucus  and  bile,  after  which  the  mucous  membrane  was  scraped  away  with  a  glass 
plate. 

The  scrapings  were  weighed  and  put  into  large  flasks  and  95  per  cent  alcohol 
was  introduced  in  small  portions  at  a  time,  the  flask  being  continually  shaken, 
until  the  mixture  contained  from  45  to  50  per  cent  of  alcohol.  For  purposes  of 
calculation,  one  gram  of  gut  scrapings  was  called  the  equivalent  of  one  cubic 
centimeter  of  water,  and  in  most  of  our  work  we  added  one  liter  of  95  per  cent 
alcohol  to  each  kilogram  of  gut  scrapings. 

The  flasks,  after  thorough  admixture  of  their  contents,  were  then  attached  to 
reflux  condensers,  the  body  of  the  flask  in  each  case  being  submerged  in  water, 
and  the  contents  were  kept  at  a  lively  boil  for  an  hour.3  The  coagulated  material 
was  now  removed  and  pressed  to  a  hard  cake  in  a  small  wine  press,  and  the  clear 
or  slightly  turbid  alcoholic  filtrate,  which  contains  our  biuret  substances,  was  con- 
centrated to  a  small  volume  on  the  water  bath  with  the  assistance  of  an  electric 
fan.     When  the  alcohol  and  much  of  the  water  had  been  so  far  removed  that  the 

3  As  is  pointed  out  elsewhere  in  this  paper,  a  much  shorter  time  of  boiling,  per- 
haps fif  t  een  minutes,  will  suffice  to  dissolve  out  the  albumoses.  The  above  period 
of  one  hour  was  adhered  to  in  experiments  whose  primary  object  was  a  large 
yield  of  secretine. 
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remaining  solution  had  the  consistency  of  an  easily  flowing  syrup,  it  was  trans- 
ferred to  an  Erlenmeyer  flask  and  while  it  was  still  warm  and  freely  mobile,  95 
per  cent  alcohol  was  added  with  a  pipette  in  small  quantities  at  a  time  with  thor- 
ough agitation,  so  that  the  precipitation  took  place  only  very  slowly.  It  is  often 
advisable  to  return  the  flask  to  the  water  bath  from  time  to  time  during  the  early 
stages  of  the  precipitation. 

When  the  alcoholic  strength  of  the  mixture  had  reached  from  50  to  60  per  cent 
at  the  highest  the  flask  was  set  aside  until  the  precipitate  had  settled  out  and  a 
clear  fluid  could  be  poured  off.  The  precipitate  was  then  transferred  to  plate 
niters,  drained  at  the  pump,  washed  with  50  to  60  per  cent  alcohol  and  transferred 
to  a  large  receptable  in  which  it  could  be  exposed  to  the  extracting  action  of  50 
to  60  per  cent  alcohol;  after  a  time  the  supernatant  fluid  was  drawn  off  and  worked 
up  with  the  main  filtrate  in  the  manner  to  be  described. 

The  alcoholic  filtrates  were  again  concentrated  on  the  water  bath  under  a  rap- 
idly revolving  electric  fan  until  a  mobile  syrup  was  once  more  obtained.  This 
was  transferred,  while  still  hot,  to  large  Erlenmeyer  flasks  and  absolute  alcohol 
was  added  in  very  small  quantities  at  a  time  with  thorough  agitation  and  occa- 
sional warming  until  a  voluminous,  crumbly  precipitate  had  settled  out.  At 
this  point  the  alcoholic  strength  of  the  mixture  had  probably  attained  a  value  of 
85  per  cent  or  more,  and  the  further  addition  of  absolute  alcohol  yielded  but  little 
more  of  the  precipitate.  Nevertheless,  it  has  been  our  practice  to  add  absolute 
alcohol  until  the  precipitation  is  finished,  and  in  order  to  precipitate  the  biuret 
substance  as  completely  as  possible  we  added  much  ether  at  this  stage.  The 
flasks  were  now  allowed  to  stand  for  a  number  of  hours,  or  until  the  clear  super- 
natant alcohol  or  alcohol-ether  mixture  could  be  removed  with  a  siphon  and  the 
crumbly,  though  often  partly  sticky,  precipitate  could  be  collected  on  flat  filters 
at  the  pump.  No  difficulty  was  encountered  in  disintegrating  and  thoroughly 
washing  the  precipitate  with  strong  alcohol  and  finally  with  a  mixture  of  abso- 
lute alcohol  and  ether.  After  being  washed  free  of  all  fatty  and  other  substances 
which  are  soluble  in  absolute  alcohol  and  ether,4  the  precipitate  was  dried  in 
vacuo  over  sulphuric  acid  and  ground  up  to  a  fine  powder. 

An  aqueous  solution  of  this  powder  gives  the  biuret  reaction  with  great  inten- 
sity. In  order  to  remove  all  traces  of  coagulable  proteid  the  powder  was  dis- 
solved in  water  and  a  40  per  cent  solution  of  lead  acetate  was  added  until  no 
more  precipitate  fell  out.  To  the  filtrate  basic  lead  acetate  (30  per  cent)  was 
added  until  precipitation  was  complete,  care  being  taken  to  avoid  a  large  excess 
of  this  reagent.  The  precipitate  was  removed  at  the  pump,  to  the  filtrate  95  per 
cent  alcohol  was  added  until  the  solution  attained  a  strength  of  50  per  cent  and 
the  lead  was  precipitated  by  the  addition  of  sulphuric  acid  in  50  per  cent  alcohol. 
This  precipitation  is  so  complete  in  50  per  cent  alcoholic  medium  that  hydrogen 
sulphide  no  longer  produces  a  blackening.  After  the  removal  of  the  lead  sulphate 
by  filtration  and  of  the  alcohol  by  evaporation,  the  solution  was  found  to  be  free 

4  U.  S.  P.  ether  was  used  for  this  purpose. 
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of  native  proteids.  At  one  time  we  added  uranyl  acetate  to  the  neutralized  solu- 
tion at  this  point  in  order  to  allay  any  suspicion  that  an  alcohol-soluble  proteid 
might  have  escaped  the  action  of  the  above  named  precipitants,  but  the  results 
were  unaltered — the  filtrate  after  removal  of  the  uranium  still  showed  the  presence 
of  proteose  as  before.  The  use  of  mercuric  chloride  as  a  precipitant  at  this  point, 
that  is,  when  it  is  added  to  the  acidulated  alcohol-water  solution,  also  leaves  our 
proteose  in  solution,  again  showing  that  it  must  be  a  substance  of  the  character 
of  a  secondary  albumose. 

Further  purification  of  the  product  (removal  of  secretine,  "motiline,"  amino 
acids  and  primary  albumoses)  was  effected  by  the  use  of  phosphotungstic  acid, 
mercuric  chloride,  silver  nitrate  and  repeated  precipitation  of  the  final  product  in 
alcohol  of  varying  strengths.  Phosphotungstic  acid  (1:  1)  was  added  directly  to 
the  alcoholic,  lead-free  filtrate  until  no  further  precipitate  settled  out  This 
precipitation  occurs  in  very  dilute  solutions,  and  in  such  solutions  only  tne  less 
soluble  phosphotungstates,  as  those  of  the  albumoses,  fall  out  in  relatively  large 
amounts.  The  precipitated  phosphotungstates  were  collected  at  the  filter  pump, 
washed  as  well  as  possible  and  pressed  to  a  hard  cake.  The  cake  was  ground  up 
in  a  mortar  with  dilute  sodium  hydroxide  solution  until  the  entire  cake,  with  the 
exception  of  an  inconsiderable  residue,  had  passed  into  solution.  The  solution 
should  be  neutral  or  faintly  acid.  In  case  it  shows  a  slight  turbidity  a  drop  of 
alkali  will  at  once  clear  it  up.  The  phosphotungstates  were  now  precipitated  by 
the  addition  of  dilute  sulphuric  acid,  again  collected  in  the  form  of  a  hard  cake, 
and  the  process  of  solution  in  dilute  alkali  and  reprecipitation  withs  ulphuric  acid 
was  repeated  one  or  more  times. 

The  cake  was  then  ground  up  in  a  mortar  with  dilute  sodium  hydroxide  until 
a  clear  neutral  or  only  faintly  alkaline  solution  was  obtained.  Saturated  barium 
hydroxide  solution  was  added  until  a  point  was  reached  at  which  the  hitherto 
suspended  colloidal  precipitate  of  barium  phosphotungstate  coagulated  suddenly 
and  settled  quickly  to  the  bottom  of  the  beaker.  The  heavy  sediment  was  quickly 
removed  and  the  slight  excess  of  barium  was  precipitated  with  sulphuric  acid. 

A  30  per  cent  solution  of  mercuric  chloride  in  alcohol  was  now  freely  added  in 
small  portions  at  a  time.  A  small  quantity  of  a  flocculent  precipitate  settled 
out  on  standing  and  was  removed  by  nitration.  To  the  nitrate  sodium  hydroxide 
solution  was  added  drop  by  drop  with  constant  stirring,  when  a  whitish  flocculent 
compound  fell  out  and  settled  rapidly  to  the  bottom  of  the  flask.  This  precipi- 
tate ceases  to  appear  when  the  neutral  point  is  reached — or,  more  correctly,  at 
the  first  indication  of  alkalinity — provided  that  an  excess  of  mercuric  chloride  is 
present.  The  precipitate  was  collected  and  washed  by  grinding  it  up  repeatedly 
in  a  mortar  with  warm  water  containing  a  little  mercuric  chloride  until  it  was 
free  from  sulphates. 

The  mercuric  precipitate  was  next  ground  up  in  a  mortar  with  0.5  per  cent 
nitric  acid.  With  the  exception  of  an  inconsiderable  flocculent  residue,  the  pre- 
cipitate dissolved  with  great  ease  in  this  strength  of  acid.    We  find  that  this  be- 
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havior  is  characteristic  of  the  mercury  compound  obtained  with  a  secondary  albu- 
mose  which  we  have  prepared  by  digesting  pig's  thyroid  glands  with  pepsin 
and  hydrochloric  acid. 

The  mercury  may  now  be  removed  with  hydrogen  sulphide,  although  this  is 
not  always  easy  as  the  precipitate  may  remain  in  colloidal  suspension.  Warming 
on  the  water  bath  and  the  addition  of  a  little  nitric  acid  will  generally  induce 
coagulation  of  the  mercuric  sulphide.  The  removal  of  the  mercury  is  not  essen- 
tial, however,  as  for  the  next- step,  which  consists  in  the  preparation  of  a  silver 
compound,  may  be  used  either  (a)  the  solution  which  has  been  freed  of  mercury 
with  hydrogen  sulphide  or  (b)  the  above  mentioned  0.5  per  cent  nitric  acid  solu- 
tion of  the  mercury  compound.  An  excess  of  silver  nitrate  is  added,  and  in  case 
solution  b  has  been  used  the  precipitate  of  silver  chloride  is  allowed  to  settle  out. 
From  the  filtrate  the  white  flocculent  silver  compound  is  precipitated  out  by  the 
addition  of  dilute  sodium  hydroxide.  This  can  be  done  even  in  the  presence  of 
mercury  (solution  b),  since  the  silver  compound  falls  out  while  the  solutionis 
still  markedly  acid.  It  is  collected  at  the  pump  and  thoroughly  washed.  Con- 
siderable loss  of  material  may  be  sustained  here,  as  water  dissolves  much  of  the 
silver  proteose  compound  after  the  greater  part  of  the  electrolytes  has  been  washed 
out  of  the  precipitete. 

The  silver  compound  is  decomposed  in  a  mortar  with  a  small  volume  of  hydro- 
chlorid  acid  in  excess  and  the  clear  nitrate  is  dropped  into  several  volumes  of 
absolute  alcohol,  precipitation  being  completed  by  the  addition  of  ether.  The 
''hydrochloride"  thus  thrown  out  is  collected  and  washed  with  a  mixture  of  ab- 
solute alcohol  and  ether  (1:  1). 

In  case  the  silver  compound  has  been  made  from  solution  b  (mercury  still  pres- 
ent) the  final  product  obtained  as  just  described  will  still  contain  a  small  amount 
of  mercury  which,  however,  is  readily  removable  with  hydrogen  sulphide. 

The  dried  hydrochloride  is  next  dissolved  in  water  and  freed  from 
hydrochloric  acid  by  agitation  with  silver  carbonate,  and  in  this  way 
the  free  albumose  is  obtained.  At  this  point  we  may  have  in  hand  a 
preparation  which  is  highly  active  for  the  virgin  uterus  of  the  guinea 
pig,  giving  an  almost  maximal  contraction  in  a  strength  of  1 :  1 ,000,000. 
This  is  true  more  especially  in  case  the  phosphotungstic  precipitate 
above  described  has  not  been  subjected  to  reprecipitation  and  thor- 
ough washing.  Secretine  may  also  be  present  in  such  preparations. 
The  ninhydrin  reaction  is  also  given  promptly  when  a  solution  of  the 
albumose  is  boiled  for  a  few  minutes  with  the  reagent.  The  contami- 
nating substances  are  removed  by  repeated  solution  in  hot  water  and 
precipitation  from  hot  absolute  alcohol;  also  by  forming  a  picrate, 
dissolving  it  in  20  per  cent  alcohol  containing  sulphuric  acid  and  pre- 
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cipitating  with  absolute  alcohol  and  ether.  The  free  picric  acid  is 
washed  away  from  the  precipitated  albumose  sulphate  with  absolute 
alcohol  and  ether,  and  the  albumose  will  now  generally  be  found  to 
be  devoid  of  physiological  activity.  If  this  is  not  the  case  some  of  the 
above  operations,  especially  the  use  of  picric  acid,  should  be  repeated. 
As  thus  obtained  the  substance  has  all  the  characteristics  of  a  pure 
secondary  albumose : 

1 .  It  is  freely  salted  out  when  its  solutions  are  saturated  with  am- 
monium sulphate. 

2.  It  gives  the  biuret  reaction,  1  mgm.  to  the  cubic  centimeter, 
with  a  fine  reddish  purple  color.  With  large  volumes  the  reaction 
is  still  good  when  the  substance  is  used  in  the  proportion  of  1 :  10,000. 

3.  The  Pauly  reaction  is  immediately  positive. 

4.  Millon's  reaction  is  negative  (with  5  mgm.  to  the  cubic  centi- 
meter). Only  thoroughly  purified  preparations  give  a  negative  Mil- 
Ion.  Our  notes  call  attention  to  the  fact  that  an  albumose  "sulphate" 
which  was  made  from  a  picrate  may  still  give  a  positive  Millon  and 
only  after  being  treated  once  more  with  mercuric  chloride  and  silver 
nitrate  will  the  albumose  give  a  negative  response  to  this  reagent. 
We  are  no  doubt  dealing  here  with  a  number  of  secondary  albumoses 
of  variable  composition. 

5.  Knoop's  reaction  is  negative  (10  to  20  mgm.  to  the  cubic  centi- 
meter). Bromine  water  is  immediately  decolorized  in  the  perform- 
ance of  this  reaction  and  a  white  granular  bromine  compound  is 
thrown  out  in  the  presence  of  a  little  sulphuric  acid. 

6.  Weidel's  reaction  is  negative. 

7.  Addition  of  potassium  ferrocyanide  and  acetic  acid  to  a  solution 
of  the  albumose  causes  no  precipitation  whatever. 

8.  Tannic  acid  gives  a  flocculent  precipitate  only  when  a  little 
mineral  acid  is  added. 

9.  The  substance  is  laevo-gyrous.  The  specific  rotation  of  the  sul- 
phate was  found  to  vary  from  [a]D  =  —72.2°  to  —94.4°,  according  to 
the  method  of  preparation. 

10.  The  cx-amino  nitrogen  content  of  a  specimen  of  the  hydrochlor- 
ide, which  in  neutral  solution  failed  to  give  the  ninhydrin  test  (10  mgm. 
in  the  cubic  centimeter),  was  found  to  be  0.53  per  cent  as  estimated 
with  the  Van  Slyke  apparatus.     After  hydrolysis  with  25  per  cent 
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hydrochloric  acid  under  a  reflux  condenser  until  the  biuret  reaction 
had  disappeared  the  a-amino  nitrogen  was  increased  about  five  times. 
Unfortunately  the  data  for  the  hydrolysis  experiments  were  lost  and 
therefore  exact  figures  cannot  be  given. 

1 1 .  The  ninhydrin  reaction  is  negative  with  the  purer  preparations 
when  neutral  solutions  containing  10  mgm.  to  the  cubic  centimeter  are 
boiled  in  the  usual  way  with  the  reagent.  The  reaction  is,  however, 
always  positive  when  the  reagent  and  the  albumose  solution  are 
evaporated  together  to  dryness  on  the  water  bath  and  the  dry  residue 
is  taken  up  in  very  weak  alcohol  or  in  water  (3). 

12.  Solutions  of  the  albumose  may  be  boiled  with  25  per  cent  hy- 
drochloric acid  or  with  strong  nitric  or  sulphuric  acid  without  de- 
veloping a  dark  color  or  depositing  humus  substances. 

Albumoses  in  the  Gastric  Mucosa. 

We  have  found  that  albumoses  may  also  readily  be  prepared  from 
the  well  washed  mucous  membrane  of  the  pig's  or  dog's  stomach  (fed 
animals)  when  the  organ  is  worked  up  immediately  after  its  removal 
from  the  body.  Care  was  taken  to  keep  the  mucous  scrapings  neutral 
to  litmus  during  the  half  hour's  boiling  with  50  per  cent  alcohol,  and  un- 
der these  circumstances  an  albumose  could  hardly  have  been  formed 
as  an  artefact.  When  the  process  is  carried  through  the  lead  sub- 
acetate  stage,  with  removal  of  the  lead  and  precipitation  with  alco- 
hol, a  white  powder  is  obtainable  which  contains  albumoses,  shows 
marked  activity  for  the  intestinal  and  uterine  strip  and  has  also  some 
blood  pressure  raising  power. 

Relative  Amounts  of  Albumose  in  the  Gastric  and  Intestinal  Mucosa  of 
a  Dog  in  Digestion  and  of  a  Starving  Dog. 

The  following  comparative  experiments  were  made  under  as  nearly 
identical  conditions  as  possible  on  two  dogs  of  approximately  the 
same  weight,  one  of  which  had  been  fed  with  meat  six  and  a  half 
hours  before  being  killed  while  the  other  had  had  nothing  but  water 
for  four  days. 

The  dogs  were  bled  to  death,  the  stomach  and  small  intestine  (as 
far  as  the  caecum)  immediately  taken  out,  slit  open,  cut  into  pieces  of 
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convenient  length  and  washed  thoroughly,  first  under  the  tap  and 
then  in  physiological  salt  solution,  and  pressed  upon  absorbent  paper, 
the  surface  of  the  mucosa  being  gently  wiped  with  paper.5 

The  mucous  membrane  of  the  stomach  and  gut  was  next  scraped 
off  on  a  glass  plate  and  the  weighed  scrapings  were  slowly  treated, 
with  vigorous  shaking,  first  with  50  cc.  of  50  per  cent  alcohol  and  then 
with  95  per  cent  alcohol,  1  cc.  of  the  latter  being  used  for  each  gram 
of  the  scrapings. 

To  the  resulting  only  slightly  acid  suspension  was  then  added  6 
drops  of  saturated  sodium  carbonate  solution  and  the  mixture  was 
boiled  half  an  hour  under  a  reflux  condenser.  The  supernatant  liquid 
was  poured  off  through  a  filter  paper  on  a  Buchner  funnel  and  the 
coagulum  boiled  out  three  times  with  125  cc.  of  50  per  cent  alcohol, 
then  pressed  as  nearly  dry  as  possible  on  the  funnel  and  finally  dried 
to  constant  weight  in  an  air  bath. 

The  combined  turbid  aqueous  alcoholic  extracts,  after  removal  of 
10  cc.  for  a  determination  of  the  amount  of  dissolved  matter,  were  next 
treated  successively  with  neutral  lead  acetate,  basic  lead  acetate  and 
sulphuric  acid,  care  being  taken  not  to  use  too  large  an  excess  of  the 
reagents,  especially  in  the  removal  of  the  lead  with  the  sulphuric  acid. 
In  each  case  the  precipitate  was  first  filtered  off  with  the  aid  of  the 
pump  and  sucked  as  dry  as  possible,  and  the  filtrate,  which  was  al- 
ways slightly  turbid,  was  repeatedly  passed  through  a  folded  filter 
until  clear. 

The  final  filtrates  were  concentrated  to  a  small  volume  on  the  water 
bath  under  a  fan,  filtered  and  treated,  with  vigorous  shaking,  with  10 
volumes  of  absolute  alcohol.  The  resulting  flocculent  precipitates 
were  collected,  after  standing  some  time,  as  completely  as  possible 
on  weighed  papers,  washed  with  10  cc.  of  10 :  1  alcohol,  dried  in  vacuo 
over  sulphuric  acid  and  weighed. 

The  two  alcohol  precipitates  were  now  dissolved  in  a  known  volume 
of  water  and  sodium  hydroxide  and  copper  sulphate  were  added,  when 
it  was  observed  that  the  biuret  color  was  many  shades  deeper  in  the 
solution  derived  from  the  fed  dog  than  in  that  obtained  from  the  starv- 
ing dog.     Colorimetric  estimation  showed   that  if  the  amount  of 

5  In  the  washing,  the  adherent  bile,  mucus  and  products  of  digestion  were  re- 
moved by  rubbing  the  mucosa  gently  with  the  fingers. 
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biuret-yielding  substance  in  the  precipitate  from  the  starving  dog  be 
taken  as  1,  that  obtained  from  the  fed  dog  must  be  rated  as  7.  Using 
a  secondary  albumose  in  our  possession  as  a  colorimetric  standard, 
we  found  that  the  actual  amount  of  albumose  recovered  by  us  from  the 
gastro-intestinal  mucosa  of  the  starving  dog  was  8.2  mgm.  while  the 
amount  recovered  from  the  mucosa  of  the  fed  dog  was  57.4  mgm. 
It  is  evident  that  whether  we  base  our  calculation  on  the  comparative 
weights  of  the  moist  scrapings  or  on  the  weights  of  the  total  dry 
matter  in  them  (see  the  table  below),  there  is  no  escape  from  the  con- 
clusion that  much  more  albumose  is  present,  weight  for  weight,  in 
the  gastro-intestinal  mucosa  of  the  fed  dog.  Taking  the  gram  of  dry 
matter  as  the  unit  of  calculation,  the  mucosa  of  the  fed  dog  is  found  to 
contain  nearly  five  times  as  much  albumose  as  that  of  the  starved  dog. 
The  data  from  these  two  experiments  are  given  in  the  following 
table. 


Weight  of  dog 

Weight  of  moist  scrapings 

Weight  of  dry  matter  in  coagulum 

Weight  of  dry  matter  in  extract ' 

Weight  of  total  dry  matter  in  scrapings 

Final  volume  of  concentrated  filtrate 

Weight  of  alcohol  precipitate 

Weight  of  total  albumose  in  precipitate 

Weight  of  albumose  per  gram  of  moist  scrapings. . . . 
Weight  of  albumose  per  gram  of  dry  matter  in  scrap- 
ings  


16.5  kgm.* 
326.5  gm. 

47.8  gm. 
13.1  gm. 

60.9  gm. 
25.0  cc. 

415.0  mgm. 
57.4  mgm. 
0. 176  mgm. 

0.942  mgm. 


STARVED   DOG 


15.5  kgm. 
225.5  gm. 
32 . 7  gm. 
8 . 6  gm. 
41 . 3  gm. 
20.0  cc. 
266 . 0  mgm. 
8.2  mgm. 
0.036  mgm. 

0 .  199  mgm. 


*  Approximately.     The  dog  was  weighed  after  death  and  allowance  made  for 
the  stomach,  intestine  and  blood. 


An  earlier  experiment  with  two  large  dogs  of  approximately  equal 
weight,  in  which,  however,  no  account  was  taken  of  the  weight  of 
dry  matter  in  the  coagulum  and  in  the  extracts,  gave  results  analo- 
gous to  the  above  although  quantitatively  different.  In  this  earlier 
experiment  the  mucosa  of  the  fed  dog  was  found  to  contain  about 
three  times  as  much  albumose  as  that  of  the  starved  dog. 

That  we  do  not  in  these  experiments  carry  our  processes  through 
to  the  end  and  prepare  the  albumoses  in  a  pure  state  cannot  invalidate 
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our  conclusion  that  the  gastro-intestinal  mucosa  of  a  fed  dog  contains 
much  more  albumose  than  that  of  a  starved  dog.  At  the  stage  of  our 
process  at  which  the  precipitates  were  compared,  protein  matter  is 
present  in  the  form  of  albumose  only.  Albumose  which  responds  to 
the  Millon  reaction  is  still  present,  though  later  this  variety  mav  be 
lost  in  the  various  chemical  steps  that  follow  the  use  of  lead  subacetate. 

Albumoses  of  the  Pigs  Thyroid  Gland. 

In  order  to  obviate  the  criticism  that  the  albumoses  here  described 
are  products  of  autolysis  we  proceeded  as  follows  in  working  with  this 
gland.  By  special  arrangement  with  the  manager  of  the  slaughter 
house  we  were  enabled  to  receive  the  glands  still  warm  from  the  hand 
of  the  butcher.  The  glands  were  cut  into  a  few  pieces  and  dropped  at 
once  into  boiling  50  per  cent  alcohol.  In  this  way  approximately  1 
kgm.  of  fresh  thyroids  was  boiled  up  at  the  slaughter  house,  it  being 
our  purpose  to  destroy  the  ferments  of  the  gland.  The  alcoholic  solu- 
tion was  removed,  the  cut  up  glands  were  ground  up  in  a  machine 
and  again  extracted  with  hot  50  per  cent  alcohol.  The  alcoholic  ex- 
tracts were  now  treated  in  the  manner  described  for  the  intestinal 
mucosa,  up  to  and  through  the  lead  subacetate  stage,  including  the 
removal  of  the  lead  as  lead  sulphate.  The  lead-free  solution  was 
concentrated  under  the  electric  fan  at  a  low  temperature  and  was  then 
dropped  into  absolute  alcohol  and  the  precipitate  collected  and  dried. 
This  precipitate,  a  water-soluble  white  powder,  gave  no  turbidity 
with  potassium  ferrocyanide  and  acetic  acid,  and  was  therefore  quite 
free  from  coagulable  proteid.  The  product  was  now  carried  through 
the  mercuric  chloride  and  silver  nitrate  treatments.  It  is  to  be  noted 
again  that  the  solution  of  the  mercuric  chloride  precipitate  in  very 
dilute  nitric  acid  (0.5  per  cent)  excludes  the  presence  of  coagulable 
proteid,  even  if  the  earlier  steps  had  not  already  insured  us  against 
this.  The  silver  compound  was  made  from  the  nitric  acid  solution 
without  first  removing  the  mercury.  From  the  silver  compound  the 
hydrochloride  of  the  albumose  was  prepared  as  a  dry  powder  in  the 
manner  already  described. 

This  product  gives  the  biuret  reaction  in  the  manner  characteristic 
of  albumoses,  while  the  Millon  reagent  with  20  mgm.  to  the  cubic  cen- 
timeter did  not  give  a  fine  red  color  or  a  red  precipitate  but  only  a 
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yellowish  tinge.  In  other  respects  the  product  behaved  like  the  albu- 
mose  obtained  from  the  intestinal  mucosa.  The  quantity  of  this  albu- 
mose  obtainable  from  the  thyroid  gland  is  small  as  compared  with 
that  found  in  the  intestinal  mucosa.  We  judge  that  we  had  about  0.1 
gram  of  dry  product  after  having  completed  the  lead  subacetate  step 
in  our  method,  a  quantity  equivalent  to  0.01  per  cent  of  the  weight  of 
fresh  bloodless  glands.  The  amount  of  pure  albumose  present  in  the 
gland  is  probably  lower  than  this  figure. 

Albumoses  in  Striated  Muscle. 

In  order  that  the  conditions  of  the  extraction  might  be  entirely 
under  our  control  we  made  use  of  the  skeletal  muscle  of  the  dog.  The 
animals  used  had  not  been  fed  for  sixteen  hours.  They  were  ether- 
ized and  bled  to  death  from  the  carotid  artery,  whereupon  some  of 
the  larger  muscles  were  rapidly  stripped  from  the  limbs  and  run 
through  a  meat  grinder.  From  one  animal  760  grams  of  ground  up 
muscle  were  obtained  in  this  way,  from  a  second  784  grams.  Each 
lot  was  worked  up  separately  and  was  carried  through  the  lead  sub- 
acetate  stage  of  our  process.  The  lead-free  solution  was  precipitated 
from  an  excess  of  absolute  alcohol  in  the  presence  of  a  slight  excess  of 
sulphuric  acid.  The  albumose  fell  out  as  a  white  flocculent  precipi- 
tate, contaminated,  as  usual  at  this  stage,  with  other  constituents  of  the 
tissue,  notably  amino  acids.  It  seemed  hardly  necessary  to  apply 
further  processes  of  purification  as  it  was  evident  that  this  precipitate 
was  free  of  coagulable  proteids.  Approximately  0.01  gram  dissolved 
in  a  few  drops  of  water  gave  only  the  merest  trace  of  precipitate  with 
potassium  ferrocyanide  and  acetic  acid  on  long  standing.  So,  too,  the 
addition  of  uranyl  acetate  to  a  solution  of  the  albumose  sulphate 
caused  the  appearance  of  only  a  faint  turbidity  which  finally  aggre- 
gated to  a  small  amount  of  a  flocculent  precipitate.  The  filtrate  from 
this  precipitate,  after  removal  of  the  uranium  with  sodium  hydroxide, 
gave  the  biuret  reaction  with  great  intensity. 

Our  experiments  show  that  under  the  conditions  here  described 
only  a  small  amount  of  albumose  exists  in  dog's  muscle,  and  it  is 
doubtful  if  much  more  is  obtainable  from  this  tissue  even  when  the 
animal  is  in  full  digestion. 

Skeletal  muscle  tissue  (920  grams)  of  a  third  dog,  also  unfed  for 
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sixteen  hours,  was  first  boiled  for  half  an  hour  with  distilled  water, 
then  pressed  to  a  hard  cake  and  the  nitrate  discarded.  The  disinte- 
grated cake  was  then  boiled  up  with  an  equal  weight  of  50  per  cent 
alcohol  and  the  alcoholic  nitrate  was  treated  in  the  manner  described 
for  the  intestinal  mucosa  up  to  the  stage  at  which  lead  acetate  is 
used.  The  powder  obtained  at  this  point  (which  is  ordinarily  the 
starting  point  for  the  treatment  with  lead  acetate)  failed  to  give  a 
biuret  reaction  and  it  therefore  was  unnecessary  to  proceed  further 
with  this  control  experiment.  It  shows  that  the  albumose  present 
in  the  muscle  was  completely  removed  by  the  boiling  water. 

The  methods  heretofore  applied  to  this  tissue  have  failed  to  detect 
the  very  small  amount  of  albumose  which  we  have  been  able  to  ex- 
tract from  it  with  50  per  cent  alcohol.  Thus  Whitfield  (4)  failed  to 
find  a  proteose  in  rabbit's  muscle,  either  when  he  treated  a  0.65  per 
cent  sodium  chloride  extract  with  trichloracetic  acid  or  with  saturated 
ammonium  sulphate  solution.  No  data  are  given  as  to  the  quantity 
of  tissue  extract  used  in  the  separate  tests.  The  biuret  reaction  is 
not  a  sensitive  test  for  albumoses — the  reaction  is  not  obtainable  with 
a  secondary  albumose  in  a  concentration  below  1 :  10,000  or  1 :  12,000. 
We  have  usually  made  this  reaction  with  0.1  per  cent  solutions  of  al- 
bumose, that  is,  in  a  concentration  of  1 : 1,000.  Then,  too,  a  number 
of  disturbing  factors  must  be  taken  into  account  in  applying  this  test. 
At  the  concentration  of  albumose  of  1 :  2,000  an  excess  of  dextrose,  if 
present,  or  a  yellow  color  in  the  solution  will  entirely  cover  up  the 
biuret  reaction,  and  a  negative  result  under  these  conditions  is  not 
conclusive.  It  is  therefore  advisable  to  make  the  test  with  an  iso- 
lated precipitate  rather  than  with  a  complex  solution. 

v.  Furth  (5)  and  Mays  (6)  also  report  that  they  could  not  detect  a 
true  albumose  in  muscle  by  the  methods  employed  by  them.  Mays, 
however,  was  able  to  separate,  by  salting  out  with  magnesium  sul- 
phate, considerable  quantities  (140  grams  from  1814  grams  of  extract) 
of  a  proteose  from  a  Liebig  extract  prepared  in  South  America.  The 
substance  was  not  put  through  a  series  of  purifications  as  in  our  work 
above,  and  Mays  is  undecided  whether  to  call  it  an  albumose  or  a 
gelatose.  He  thinks  it  very  unlikely  that  it  is  an  albumose  which  has 
been  formed  by  the  action  of  hot  water  (84°  to  94°)  on  the  chopped  up 
meat  and  he  falls  back  on  the  supposition  that  it  is  most  likely  a  gela- 
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tose,  although  admitting  the  difficulties  that  stand  in  the  way  of  this 
suggestion.  In  the  first  place,  the  chemical  reactions  cited  by  Mays 
do  not  speak  conclusively  for  gelatose,  and  the  processes  employed 
in  manufacturing  the  extract  can  lead,  as  Mays  admits,  to  the  con- 
version of  glutin  into  gelatose  only  if  a  number  of  quite  unproved 
assumptions  are  made  in  regard  to  the  favoring  actions  of  salts  and 
other  constituents  of  the  extract  in  facilitating  this  conversion. 

Under  the  circumstances  and  in  view  of  our  findings,  we  prefer  to 
believe  that  the  albumose  of  meat  extracts  is  accounted  for  by  the 
presence  of  this  substance  in  the  muscle  tissue  and  that  it  has  been 
concentrated  in  the  extract  by  the  processes  of  manufacture,  as  is  the 
case,  for  example,  in  the  pituitary  extracts  of  commerce.  Mays 
found  that  meat  extract  contains  7.8  per  cent  of  his  albumose.  Pitui- 
tary extracts,  as  we  have  shown  in  an  earlier  paper  (7),  may  contain 
fully  10  per  cent  of  albumose. 

Albumoses  in  the  Gravid  Uterus. 

The  uterus  was  removed  by  Caesarean  section  from  a  woman  at 
full  term  by  Prof.  J.  W.  Williams  and  was  brought  to  the  laboratory 
after  having  lain  ten  hours  on  ice.  The  decidua  and  mucosa  were 
scraped  from  the  fundus  and  the  organ  was  then  ground  up  and  boiled 
with  alcohol  in  the  usual  manner.  The  processes  were  carried  through 
the  lead  subacetate  stage  and  precipitation  with  alcohol  gave  a  white 
powder  which  gave  a  colorless  solution  in  water  and  which  responded 
to  the  tests  for  albumose  already  described.  The  yield  of  albumose 
appeared  to  us  to  be  greater  than  in  the  case  of  skeletal  muscle. 

Albumoses  in  Other  Organs. 

We  have  not  made  a  systematic  search  for  albumoses  in  other  or- 
gans. It  may  be  of  interest  however,  to  state  that  an  examination  of 
a  soluble  extract  of  the  corpora  lutea  which  is  sold  to  physicians  by  one 
of  our  large  manufacturing  firms  behaves  in  respect  to  the  proteid 
precipitants  and  reactions  described  in  this  paper  in  such  a  manner 
that  one  can  only  conclude  that  proteoses  are  present  in  the  extract. 

Each  cubic  centimeter  of  the  extract  contains  the  soluble  constitu- 
ents present  in  0.2  gram  of  the  dried  corpora  lutea.     The  solution 
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gives  no  precipitate  on  boiling  after  the  addition  of  a  trace  of  acetic 
acid,  nor  does  it  give  a  precipitate  with  potassium  ferrocyanide  and 
acetic  acid;  the  biuret  reaction  is  positive  and  gives  the  reddish  color 
characteristic  of  albumoses;  the  Pauly  reaction  is  also  given  im- 
mediately. From  these  reactions  one  must  conclude  that  we  are 
dealing  here  with  an  extract  which  is  free  from  coagulable  proteids 
but  still  contains  a  proteose  in  considerable  quantity. 

A  second  commercial  preparation  which  we  have  not  ourselves  ex- 
amined but  which  undoubtedly  contains  an  albumose  is  the 'Hormo- 
nal" of  Zuelzer.  This  extract  is  prepared  from  the  spleen  of  cattle 
and  has  been  shown  to  have  some  value  as  a  motor  stimulant  for  the 
intestine.  In  a  few  instances  severe  collapse  and  even  death  have 
followed  the  intravenous  injection  of  20  cc.  of  the  preparation.  It  was 
shown  by  Dittler  and  Mohr  (8)  that  Hormonal  contains  powerful 
blood  pressure  lowering  substances.  The  fatalities,  as  well  as  the 
cases  of  dangerous  collapse,  are  fully  accounted  for  by  these  depressor 
substances.  We  would  note  in  passing  that  intestinal  extracts  also 
contain  these  very  powerful  blood  pressure  lowering  substances  and 
that  they  can  be  completely  removed  by  the  proper  use  of  alcohol 
and  basic  lead  acetate.  Zuelzer  (9)  believed  that  the  untoward  ef- 
fects observed  were  caused  by  the  presence  of  a  toxic  albumose  and 
took  steps  to  have  this  substance  removed.  Dittler  and  Mohr  (10), 
however,  found  on  examining  the  new  Hormonal  that  it  still  contains 
depressor  substances,  and  the  physiological  chemist,  Professor  Sieg- 
fried, who  also  examined  the  new  preparation,  declared  it  to  contain 
albumoses. 

We  have  here,  then,  an  extract  of  the  spleen,  which  was  no  doubt 
prepared  from  perfectly  fresh  material,  which  contains  albumose. 
That  the  extract  still  contains  blood  pressure  lowering  substances  is 
due  to  faulty  technique. 

Albumoses  in  the  Blood. 

A  number  of  investigators,  notably  Hofmeister  and  his  school,  as 
also  E.  Freund  and  his  pupils  (11),  have  always  maintained  that  blood 
plasma  and  blood  serum  contain  albumoses  in  small  quantity.  The 
opposite  opinion  has  been  upheld  energetically  by  Neumeister  and 
Abderhalden  and  their  pupils  (12).     Howell  also  was  not  able  to  con- 
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vince  himself  that  blood  contains  a  non-coagulable  proteid  of  a  pro- 
teose nature.     He  found  (13)  that 

Blood  serum  from  the  fed  or  starved  animal  when  subjected  to  dialysis  in  col- 
loidon  tubes  gives  no  indication  of  the  presence  of  a  perceptible  amount  of  peptone 
or  proteose. 

That  both  the  blood  and  the  urine  may  contain  albumoses  in  patho- 
logical states  of  the  organism,  in  which  absorption  of  broken  down 
cells  occurs  on  a  large  scale,  is  generally  admitted,  but  we  shall  not 
here  consider  this  aspect  of  the  question. 

We  have  repeated  the  work  of  the  later  investigators  of  the  Hof- 
meister  school,  Hohlweg  and  Meyer,  and  have  found,  quite  in  agree- 
ment with  their  statements,  that  whole  blood,  serum  or  plasma  which 
has  been  freed  from  coagulable  proteids  by  their  method  gives  a  nega- 
tive ferrocyanide  and  a  positive  biuret  test.  Apparently  such  fluids 
should  contain  a  proteose.  The  biuret-yielding  material  can  be  salted 
out  from  such  solutions  by  the  use  of  ammonium  sulphate  and  heat, 
but  we  have  not  been  able  to  identify  the  proteid  precipitate  thus  ob- 
tained as  a  proteose.  If  originally  present  as  an  albumose,  it  must 
have  been  changed  into  an  insoluble  dysalbumose  in  the  course  of  our 
operations,  since  the  final  product  obtained  after  removing  ammonium 
sulphate  from  the  precipitate  is  no  longer  soluble  in  distilled  water. 
Such  negative  results  were  obtained  even  with  as  much  as  two  liters 
of  blood,  both  with  the  original  method  of  Hohlweg  and  Meyer  and 
with  a  modification  of  it  devised  by  ourselves  which  obviates  dilution 
of  the  plasma. 

When  we  applied  our  alcohol-lead  acetate-subacetate  method  to  the 
plasma  (oxalated  or  citrated),  only  negative  results  were  obtained 
with  both  portal  and  systemic  blood.  One  element  of  uncertainty  in- 
heres, however,  in  this  negative  finding  by  this  particular  method — 
the  final  product  here  obtained  always  gave  a  yellow  solution  and  in 
such  a  solution  it  is  impossible  to  determine  with  certainty,  by  means 
of  the  biuret  reaction,  whether  small  quantities  of  a  proteose  are 
present. 

Positive  results  were  obtained  when  this  method  was  applied  to  the 
mass  of  red  and  white  corpuscles  that  were  obtained  by  centrifugaliz- 
ing  two  liters  of  systemic  blood.     The  final  precipitate  in  alcohol, 
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after  removal  of  lead  by  the  method  previously  outlined,  gave  the 
tests  for  albumose  so  unmistakably  that  it  seemed  unnecessary  to  pro- 
ceed further  with  the  purification  of  the  precipitate.  The  quantity  of 
albumose  obtainable  from  the  cellular  elements  of  the  blood  by  boil- 
ing with  50  per  cent  alcohol  is,  however,  not  large  but  suffices  for 
identification. 

Dialyzates  of  Portal,  Hepatic  and  Systemic  Blood  Plasma. 

Oxalated  plasma  as  obtained  by  centrifugalizing  blood  from  the 
portal  and  the  hepatic  veins,  as  also  from  the  carotid  artery,  was  sub- 
mitted to  dialysis  during  periods  varying  from  three  to  fifteen  hours  in 
series  of  celloidin  sacs6  and  tubes.  The  fluid  on  the  outside  of  the 
sacs  was  distilled  water  in  some  experiments;  in  others  it  was  an  0.8 
per  cent  solution  of  sodium  chloride.  In  the  course  of  a  few  hours 
considerable  biuret-yielding  material  passes  through  the  walls  of  these 
celloidin  sacs  and  tubes.  At  first  precautions  were  taken  to  collect 
the  blood  in  sterile  fashion  and  to  sterilize  both  the  sacs  and  the  ves- 
sels in  which  the  dialysis  was  carried  out,  but  as  it  was  found  that  these 
precautions  were  of  no  advantage  in  experiments  of  short  duration 
they  were  discontinued.  It  is  possible  to  overlook  the  proteid  mate- 
rial that  passes  through  celloidin  sacs  if  the  biuret  test  is  applied  to 
the  concentrated  dialyzate  without  first  removing  the  sugar  with 
boiling  93  per  cent  alcohol.  In  this  way  dextrose  and  other  disturb- 
ing substances  are  removed,  and  a  concentrated  residue  which  at 
first  fails  to  give  the  biuret  reaction  will  now  give  this  test  very 
beautifully. 

Considerable  quantities  of  this  diffusible  proteid  were  collected  by 
concentrating  the  distilled  water  dialyzates  of  various  kinds  of  plasma. 
In  each  case  the  attempt  was  made  to  isolate  a  proteose  from  the 

6  The  celloidin  solution  here  used  was  like  that  described  in  the  Journ.  Pharm. 
and  Exper.  Therap.,  1914,  v,  279,  also  ibid.,  p.  611.  In  this  work  on  vividiffusion 
(1914)  Abel  and  his  associates  also  failed  to  isolate  a  proteose  from  their  diffusates, 
in  spite  of  the  fact  that  a  secondary  albumose  (Hirudin)  was  constantly  being  run 
into  the  veins  of  the  animal  used.  As  in  the  present  experiments  a  coagulated 
proteid  was  always  found  in  small  amount  in  the  evaporated  dialyzate,  which 
goes  to  show  that  the  diffusible  proteid  here  described  exists  preformed  in  the 
circulating  blood. 
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partially  concentrated  fluids  by  the  employment  of  lead  acetate  and 
basic  lead  acetate  for  the  removal  of  coagulable  proteids  but  always 
the  attempt  ended  in  failure.  We  are  well  aware  that  certain  pri- 
mary albumoses  are  precipitated  by  basic  lead  acetate  and  that  the 
absence  of  a  biuret-yielding  substance  in  the  filtrate  from  the  lead 
precipitate  does  not  exclude  the  presence  of  this  class  of  proteoses  in 
the  dialyzates.  But  if  they  are  present,  they  are  easily  changed  into 
insoluble  dysalbumoses.  Skins  of  coagulated  albumin  are  formed 
during  the  concentration  of  the  dialyzates  on  the  water  bath  under  the 
electric  fan,  and  when  sufficiently  concentrated  exhaustion  of  the 
residue  with  93  per  cent  alcohol  causes  it  to  become  entirely  insoluble 
in  distilled  water.  As  far  as  we  have  gone,  then,  we  can  only  say  that 
our  methods  have  not  enabled  us  to  separate  a  true  proteose  from  the  pro- 
teids that  pass  freely  through  celloidin  membranes  during  the  first  few 
hours  of  dialysis. 

The  inherent  difficulties  in  the  way  of  separating  albumoses  from 
the  blood  are  well  illustrated  in  the  following  experiment.  Corrosive 
sublimate,  as  is  well  known,  is  an  effective  agent  for  removing  coagu- 
lable proteids  from  albuminous  solutions.  We  desired  to  learn  if  a 
secondary  albumose  added  to  whole  blood  in  known  quantity  could 
be  recovered  when  this  agent  is  employed.  Accordingly  0.15  gram  of 
a  pure  secondary  albumose  dissolved  in  7.5  cc.  of  0.8  per  cent  sodium 
chloride  solution  was  injected  directly  into  the  outflowing  stream  of 
blood  from  the  portal  vein  of  a  dog.  The  portal  blood  with  the  ad- 
mixed albumose  was  then  whipped  with  a  wire  brush  and  filtered 
through  cotton.  The  filtrate  amounted  to  96  cc.  and  should  have 
contained  the  added  albumose  (0.15  gram)  except  in  so  far  as  it  was 
absorbed  by  the  fibrin.  The  defibrinated  blood  with  its  albumose 
was  now  treated  according  to  the  directions  of  Gayda  (14).  It  was 
stirred  into  480  cc.  of  2  per  cent  mercuric  chloride  in  0.8  per  cent  hy- 
drochloric acid,  frequently  shaken,  let  stand  overnight,  filtered  through 
paper,  freed  from  mercury  with  hydrogen  sulphide  and  from  the  ex- 
cess of  the  hydrogen  sulphide  with  a  current  of  air,  neutralized  with 
sodium  hydroxide  and  concentrated  under  a  fan  at  about  55°  to  a  vol- 
ume of  35  cc.  The  flocks  which  separated  out  gave  no  biuret  reaction. 
The  filtrate  when  further  concentrated  likewise  gave  no  biuret  reaction. 
So  also  the  precipitate  obtained  by  adding  alcohol  failed  to  give  even 
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a  trace  of  a  biuret  reaction.  Evidently  the  added  albumose  was  lost 
entirely  in  the  course  of  our  manipulations.  It  must  be  borne  in 
mind  that  the  secondary  albumose  here  employed  is  not  precipitated 
by  mercuric  chloride  in  the  presence  of  dilute  acid  when  tested  by  itself 
in  aqueous  solution. 

On  the  other  hand,  when  this  albumose  was  added  to  oxalated 
plasma  in  the  proportion  of  0.005  gram  to  the  cubic  centimeter  and 
the  plasma  was  then  dialyzed  against  distilled  water  it  was  not  diffi- 
cult to  show  that  a  little  of  the  albumose  passed  into  the  dialyzate. 
Ordinarily,  when  the  dialyzate  is  concentrated  nearly  to  dryness  under 
the  electric  fan  at  as  low  a  temperature  as  possible  and  then  exhausted 
with  hot  93  per  cent  alcohol  the  proteids  present  become  insoluble 
in  water,  as  has  already  been  stated.  In  the  present  instance,  how- 
ever, a  water-soluble  proteid  was  found  in  the  final  residue  and  this 
could  only  be  the  albumose  originally  added  to  the  plasma.  In  con- 
clusion, it  should  be  stated  that  the  amount  of  albumose  recovered  in 
the  dialyzate  appeared  to  be  much  less  than  we  had  a  right  to  expect. 

i 
Other  Instances  of  the  Presence  of  Albumoses  in  Tissues,  as  Described  in 
the  Literature  of  Biological  Chemistry. 

As  already  mentioned  in  this  paper,  Abel  and  Pincoffs  (7)  have  shown 
that  all  pituitary  preparations  examined  by  them  contain  albumoses. 

Slowtzoff  (15),  in  reporting  the  results  of  his  analyses  of  human 
semen,  writes  as  follows: 

Human  semen  contains,  in  addition  to  a  nucleoproteid,  traces  of  mucin  and 
albumin,  an  albumose-like  substance  which  in  respect  to  its  precipitation  limits 
and  its  chemical  reactions  must  be  regarded  as  a  primary  albumose. 

Szumowski  (16),  who  made  alcoholic  extracts  of  the  finely  commi- 
nuted organs  of  geese,  doves  and  dogs  in  a  search  for  zein  which  had 
been  administered  to  these  animals,  states  that  he  found  a  biuret- 
yielding  substance  which  was  not  zein  in  a  number  of  instances.  He 
is  at  a  loss  to  explain  his  findings.  We  have  no  doubt  that  had  this 
author  treated  his  alcoholic  extracts  in  the  manner  described  by  us, 
thus  removing  sugar  and  other  disturbing  substances,  a  positive  biuret 
reaction  would  have  been  obtained  by  him  in  many  more  of  his  ex- 
tracts.    We  have  cited  this  author's  findings  because  we  believe  that 
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they  are  explainable  only  on  the  basis  that  he  has  unwittingly  ex- 
tracted albumoses  from  a  number  of  tissues. 

Wohlgemuth  (17),  who  has  made  a  study  of  human  bone  marrow 
under  pathological  conditions,  precipitating  the  coagulable  proteids 
by  boiling  with  dilute  acetic  acid  and  sodium  chloride  up  to  1  per 
cent  until  the  nitrate  gave  no  turbidity  with  potassium  ferrocyanide, 
reports  as  follows  in  regard  to  albumoses  in  this  tissue:  Albumoses 
were  present  in  one  case  out  of  five  of  yellow  bone  marrow,  and  out  of 
six  of  red  bone  marrow  four  contained  albumoses.  The  marrow  was 
taken  from  the  femur  in  each  case. 

It  is  not  our  purpose  to  sift  the  voluminous  literature  pertaining  to 
the  appearance  of  albumoses  in  the  urine  in  various  pathological  con- 
ditions. In  the  great  majority  of  instances  the  excreted  albumoses 
appear  to  be  of  the  secondary  type  (18)  and  there  is  at  present  good 
reason  for  believing  that>this  is  accounted  for  by  the  absorption  into 
the  blood  of  the  constituents  of  disintegrating  tissues.  The  frequent 
appearance  of  albumoses  in  the  urine  under  circumstances  where  tissue 
breakdown  obtains,  lends  support  to  the  view  that  the  albumoses 
found  by  us  in  various  tissues  were  actually  present  in  them  and  were 
dissolved  out  of  them  by  the  boiling  50  per  cent  alcohol  used  in  our 
experiments. 

Panzer  (19)  has  isolated  albumoses  from  the  sporozoites  of  a  species 
of  Coccidia  known  as  Goussia  gadi. 

DISCUSSION. 

It  has  been  shown  that  albumoses  may  be  isolated  from  the  tissues 
by  extracting  them  with  boiling  50  per  cent  alcohol  and  removing 
coagulable  proteids  from  the  alcoholic  extract.  In  the  case  of  the 
intestine  and  the  thyroid  gland  the  isolation  was  carried  through  so 
many  processes  that  the  secondary  albumose  finally  obtained  was  as 
nearly  a  chemical  individual  or  entity  as  present  methods  permit  us 
to  isolate,  and  even  in  the  case  of  other  tissues  the  isolation  had  pro- 
ceeded far  enough  to  dispel  all  doubt  that  we  had  an  albumose  in  our 
hands.  Where,  as  in  the  single  instance  of  the  plasma  of  the  blood,  the 
isolation  could  not  be  effected,  we  have  so  stated  and  have  not  ac- 
cepted the  positive  qualitative  tests  of  earlier  investigators  as  proof  of 
the  existence  of  albumoses  in  this  fluid. 
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But  the  actual  isolation  of  an  albumose  from  a  tissue  is  in  itself  no 
proof  that  it  was  present  as  such  in  the  cells  of  that  tissue.  The  albu- 
mose may  have  been  formed  from  the  proteids  of  the  tissue  in  the 
course  of  the  chemical  manipulations  employed  for  their  isolation. 
We  have  given  special  attention  to  this  phase  of  the  question  and  offer 
the  following  considerations  in  support  of  our  belief  that  albumoses 
actually  exist  in  the  cells  of  the  body,  being  stages  in  the  metabolism 
comparable  with  the  amino  acids  and  other  intermediary  products. 
We  employed  boiling  50  per  cent  alcohol  because  it  is  a  good  solvent 
for  our  albumose  and  because  it  thoroughly  disintegrates  the  cells  of 
the  tissues  and  coagulates  their  proteids.  The  time  of  boiling  was 
originally  set  at  one  hour  in  the  case  of  the  intestinal  mucosa  because 
we  desired  at  that  time  to  extract  completely  other  substances  than 
albumose.  As  stated  elsewhere,  we  have  frequently  extracted  tissues 
for  half  an  hour  and  we  have  no  doubt  that  where  it  is  desired  to  ob- 
tain only  the  proteoses  boiling  the  finely  divided  tissue  for  a  quarter  of 
an  hour  will  amply  meet  the  requirements  of  the  case.  Weak  alcohol 
is  an  indifferent  fluid  and  can  not  of  itself  hydrolyze  proteids  to  albu- 
moses within  the  above  time  limits,  if  at  all. 

It  may  be  argued  that  the  acidity  of  the  dead  tissues  was  sufficient 
to  cause  the  formation  of  small  quantities  of  albumoses  in  the  boiling 
extracts.  We  think  that  this  also  can  not  be  urged  as  the  source  of 
the  albumoses.  In  a  number  of  instances,  as  in  experiments  with  the 
gastric  and  intestinal  mucosa  of  fed  and  starved  dogs,  great  care 
was  taken  to  boil  at  the  neutral  point  to  litmus  and  not  to  concen- 
trate the  alcoholic  extracts  until  after  the  use  of  lead  acetate  and 
basic  lead  acetate  and  after  the  removal  of  lead  with  sulphuric  acid. 
These  precipitations  were  all  made  at  room  temperature  and  the 
final  nitrate  no  longer  contained  a  coagulable  proteid  at  the  time  the 
alcohol  and  acetic  acid  were  driven  off.  Even  when  this  final  alco- 
holic filtrate  was  concentrated  under  pressure  reduced,  after  having 
neutralized  the  acid,  the  results  remained  the  same.  Finally,  it  is 
difficult  to  see  (on  the  supposition  that  our  albumose  is  an  artefact) 
how  so  much  more  albumose  can  be  obtained  from  the  gastrointesti- 
nal mucosa  of  the  fed  dogs  than  from  that  of  starved  dogs.  It  will  be 
noted  that  the  amounts  of  albumose  which  can  be  isolated  in  the  two 
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cases  stand  in  no  relation  to  the  amounts  of  proteid  (total  dry  matter) 
present  in  the  two  mucosae. 

Post  mortem  autolytic  changes,  while  possibly  responsible  for  a  part 
of  the  albumose  present  in  the  pituitary  and  other  extracts  used  in 
medicine,  certainly  play  no  role  as  a  causative  factor  in  the  experi- 
ments described  by  us,  in  which  tissues  were  taken  directly  from 
animals  just  killed.  Autolysis  can  not  therefore  be  held  responsible 
for  the  proteoses  isolated  by  us. 

Our  observation  that  the  gastro-intestinal  mucosa  of  fed  dogs  con- 
tains much  more  albumose  than  is  found  in  the  corresponding  mucosa 
of  starved  dogs  calls  for  a  word  of  discussion.  In  this  connection  the 
question  naturally  arises  whether  it  is  possible  to  wash  away  from  the 
mucosa  all  adherent  proteose,  retaining  only  that  part  that  has  entered 
the  cells  of  the  mucosa.  We  answer  in  the  affirmative,  if  the  washing 
is  done  under  a  jet  of  running  water  and  the  surface  of  the  mucous 
membrane  is  stretched7  and  gently  rubbed  with  the  finger,  if  the 
pieces  of  intestine  are  then  soaked  and  again  rubbed  in  large  bowls 
containing  0.8  per  cent  sodium  chloride  solution  and  if,  finally,  the 
surface  of  the  intestine  is  pressed  down  on  filter  paper  and  gently 
wiped  with  pieces  of  this  paper.  All  this  was  done  with  the  stomach 
and  intestines  of  the  dogs  used  in  our  experiments. 

We  also  find  support  for  our  opinion  that  a  mucous  surface  can  be 
washed  free  from  adherent  proteid  material  in  the  extensive  literature 
of  physiology  in  which  quantitative  experiments  are  described  in  which 
loops  of  intestines  or  gastric  pouches  are  treated  as  receptacles,  the 
assumption  being  made  that  these  living  receptacles  can  be  freed  of 
their  contents  and  washed,  much  as  is  done  with  laboratory  utensils. 

But  we  can  offer  a  more  incontrovertible  proof  of  the  truth  of  the 
statement  that  freely  soluble  substances,  such  as  peptones  and  albu- 
moses,  can  be  washed  away  completely  from  the  surface  of  the  intes- 
tines, by  citing  our  earlier  experiments  with  certain  phthaleins  (20). 

In  these  experiments  20  to  30  cc.  of  a  2  per  cent  solution  of  tetra- 
chlorphthalein  were  injected  into  dogs  subcutaneously.  After  the  ex- 
piration of  from  eighteen  to  thirty  hours  the  animals  were  killed,  the 

7  It  is  especially  necessary  to  stretch  the  walls  of  the  stomach  while  washing 
so  that  the  folds  of  the  mucosa  may  present  a  level  surface  to  the  impinging  jet 
of  water. 


JOHN   J.   ABEL,   M.    C.    PINCOFFS,   AMD    C.    A.    ROUILLER  191 

large  and  the  small  intestines  were  removed  separately,  opened  and 
washed  perfectly  clean  under  running  water.  Before  washing,  the 
application  of  a  5  or  10  per  cent  solution  of  sodium  hydroxide  to  the 
mucous  membrane  of  the  small  intestine  always  gave  an  intense  deep 
red  stain  over  large  areas.  This  was  especially  intense  where  mucus 
was  abundant.  On  applying  the  alkali  to  the  well  washed  small  intes- 
tine, however,  no  color  reaction  could  be  obtained. 

It  only  remains  to  add  that  the  mucosa  of  the  large  intestine  could 
not  be  washed  free  of  the  phthalein  but  always  took  on  an  intense, 
brilliant  deep  red  stain  throughout  its  whole  extent  upon  the  addition 
of  alkali.  Frozen  sections  showed  that  the  drug  was  contained  not 
only  in  the  cells  of  the  mucosa  but  was  present  also  in  the  submucosa. 
Similar  sections  of  the  small  intestine  were  found  to  be  free  of  phthal- 
ein. Further  research  proved  that  the  phthalein  was  excreted  by  the 
liver  and  was  carried  down  the  intestine  in  a  state  of  solution  and 
reabsorbed  by  the  large  intestine  only,  the  absorption  beginning 
abruptly  at  the  line  where  the  small  intestine  merges  into  the  large. 

When  the  delicacy  of  this  color  reaction  is  borne  in  mind,  when  we 
consider  that  the  mucous  surface  of  the  small  intestine,  which  has  been 
bathed  throughout  its  entire  length  with  a  solution  of  the  phthalein, 
could  be  washed  entirely  free  of  the  compound  while  no  amount  of 
washing  could  remove  it  from  the  mucosa  of  the  large  gut  (the  com- 
pound having  entered  the  cells  of  this  organ),  we  cannot  escape  the 
conviction  that  soluble  and  merely  adherent  compounds  are  com- 
pletely removable  from  the  mucous  surfaces  of  the  intestines  or 
stomach. 

In  the  light  of  the  above  experience  we  must  conclude  that  that  por- 
tion of  proteose  (as  in  the  case  of  the  phthalein  in  the  large  gut)  which 
could  not  be  washed  away  from  the  gastro-intestinal  mucosa  had  actu- 
ally been  taken  up  by  the  absorbing  cells. 

At  the  present  writing  we  can  not  trace  the  absorbed  proteoses  be- 
yond the  mucous  membrane  and,  strictly  speaking,  it  is  only  an  infer- 
ence on  our  part  that  they  are  absorbed  as  such  and  not  produced  by 
synthesis  from  absorbed  amino  acids.  Nolf  (21)  and  Asher  (22)  have 
shown  that  the  intestines  can  take  up  proteoses,  and  we  know  that 
these  derivatives  of  proteids  are  always  present  in  the  digestive  canal 
during  digestion.     It  seems  far  fetched,  therefore,  to  assume  that  the 
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increased  amount  of  proteose  found  by  us  in  the  gastro-intestinal  mu- 
cosa of  fed  dogs  was  not  absorbed  as  such  but  was  made  by  synthesis. 
Certainly,  the  assumption  that  these  soluble  proteoses  are  taken  up 
by  the  cells  from  the  digested  matter  with  which  they  are  in  contact 
seems  the  more  rational  point  of  view. 

There  is  much  controversy  in  this  field.  Abderhalden  (23),  in  a 
review  of  the  subject  in  the  last  edition  of  his  text  book,  after  weighing 
the  facts  pro  and  con,  leaves  it  undecided  whether  higher  peptids  are 
absorbed  by  the  intestinal  mucosa  and  does  not  commit  himself  unre- 
servedly to  the  theory  that  amino  acids  only  are  absorbed.     E.  Zunz 

(24)  shows  that  proteoses  disappear  both  from  the  stomach  and  the 
intestines  but  concludes  that  one  can  not  decide  how  much  of  the 
absorbed  nitrogen  is  taken  up  in  the  form  of  higher  split  products, 
how  much  in  the  form  of  lower,  because  of  the  reversible  action  of 
ferments,  and  so  leaves  the  matter  in  an  unsettled  state.     London 

(25)  and  his  collaborators  maintain  that  no  absorption  takes  place  from 
the  stomach  during  digestion,  while  Tobler  (26),  Lang  (27),  Salaskin 
(28),  Scheunert  (29)  and  Grimmer  (30)  all  hold  that  the  products  of 
the  gastric  digestion  of  proteids  (proteoses)  are  absorbed  in  the  stom- 
ach, merely  differing  among  themselves  as  to  the  quantitative  factor 
in  the  absorption. 

The  amount  of  proteoses  or  higher  polypeptids  taken  up  by  the 
gastric  and  intestinal  mucosa  during  a  digestive  period  must  be  very 
considerable,  as  judged  by  our  findings.  In  the  case  of  the  amino  acids 
it  has  been  shown  that  the  mesenteric  blood  may  contain  twice  as 
much  amino  acids  after  feeding  with  meat  as  before  feeding  (31). 
But  in  the  case  of  our  albumoses  we  are  halted  at  the  point  of  intake 
and  cannot  follow  them  in  their  passage  into  the  plasma.  As  we  have 
seen,  we  were  not  able  to  isolate  a  proteose  from  plasma.  For  the 
present,  therefore,  we  can  only  speculate  as  to  the  fate  of  the  pro- 
teoses that  have  entered  the  cells  of  the  gastro-intestinal  mucosa. 
Are  our  methods  for  separating  them  from  the  proteids  of  portal 
plasma  at  fault?  Are  they  split  up  into  abiuret  products  in  the 
mucosa  and  do  they  pass  into  the  blood  stream  only  in  the  form  of 
such  abiuret  products?  Are  they  built  up  in  the  mucosa  into  less 
diffusible  proteids  which  have  lost  most  of  their  proteose  characteristics? 
The  knowledge  at  hand  permits  of  no  conclusive  answer  to  these 
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questions.  Nevertheless,  it  must  be  regarded  as  a  step  forward  that 
so  marked  an  increase  in  the  proteose  content  of  the  gastro-intestinal 
mucosa  can  be  shown  to  take  place  during  digestion.  This  observa- 
tion (if  it  be  granted  that  these  proteoses  are  actually  absorbed  and 
not  produced  by  synthesis)  certainly  militates  against  the  theory  now 
so  widely  advocated  that  proteids  are  broken  down  completely  into 
amino  acids  in  the  digestive  canal  and  absorbed  only  in  this  form. 

SUMMARY. 

1.  Albumoses  can  be  isolated  in  varying  amounts  from  the  tissues 
of  the  body,  inclusive  of  the  cellular  elements  of  the  blood.  The 
methods  employed  did  not,  however,  enable  us  to  separate  a  proteose 
of  any  kind  from  the  plasma  of  the  blood. 

2.  To  prepare  an  albumose  from  the  gastric  or  intestina.1  mucosa 
which  is  entirely  devoid  of  pharmacological  activity  (pressor,  oxytocic 
and  secretory)  requires  the  employment  of  numerous  chemical  pro- 
cedures, as  outlined  in  this  paper. 

3.  The  gastro-intestinal  mucosa  can  be  washed  free  of  soluble  ad- 
herent substances,  such  as  the  proteoses.  We  are  justified  in  assum- 
ing that  what  can  not  be  washed  away  must  be  truly  a  part  of  the 
mucosa.  The  gastro-intestinal  mucosa  contains  from  three  to  five 
times  as  much  albumose  during  digestion  of  meat  as  after  deprivation 
of  all  food  (except  water)  for  four  days. 

4.  In  view  of  this  finding  we  can  not  accept  the  theory  that  proteids 
are  taken  up  by  the  absorbing  surfaces  of  the  digestive  apparatus  only 
in  the  form  of  amino  acids,  but  must  believe  rather  that  proteoses  as 
well  as  amino  acids  are  freely  absorbed,  as  has  long  been  maintained 
for  the  former  by  certain  investigators.  While  we  are  able  to  trace 
the  further  passage  of  amino  acids  from  the  mucosa  to  various  organs 
via  the  blood  current,  we  find  it  impossible  at  present  to  do  this  with 
proteoses.  These  can  not  be  traced  further  than  into  the  absorbing 
mucosa,  unless  it  should  be  assumed  that  the  cellular  elements  of  the 
blood  are  distributing  agents  for  them — a  point  of  view  which  we  are 
at  the  moment  not  justified  in  advancing.  The  details  of  the  fate  of 
the  absorbed  proteoses  still  remain  to  be  determined. 
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In  the  course  of  synthetic  work  which  was  undertaken  in  connec- 
tion with  investigations  to  be  published  later,  it  was  found  necessary 
to  prepare  a  large  number  of  substituted  aminophenoxyacetic  acids 
and  their  derivatives.  A  perusal  of  the  literature  showed  that  only 
a  few  of  the  simpler  members  of  this  series  had  been  described,  so 
that  the  preparation  and  study  of  these  substances  became  a  separate 
undertaking.  We  wish,  therefore,  to  present  the  results  of  this  work 
in  the  present  communication. 

At  first  we  adopted  the  procedure  of  starting  with  the  appropriate 
nitrophenol,  converting  this  into  the  nitrophenoxyacetic  acid,  and  then 
into  the  desired  amino  derivative.  In  preparing  the  nitrophenoxy- 
acetic acids  it  was  found  most  satisfactory  to  employ  the  method 
used  by  Kym1  for  the  preparation  of  ^-nitrophenoxyacetic  acid.  This 
involves  heating  the  dried  sodium  salt  of  the  nitrophenol  with  ethyl 
chloroacetate  and  saponifying  the  nitro  ester  so  obtained.  Although 
this  method  is  somewhat  more  time-consuming  than  the  reaction 
between  the  nitrophenol  and  chloroacetic  acid  in  boiling  alkaline  so- 
lution it  proved  to  be  more  economical  in  the  case  of  the  less  easily 
accessible  nitrophenols,  since  the  yields  of  the  esters  were  practically 
quantitative. 

Later  in  the  work  an  attempt  was  made  to  prepare  the  nitrophen- 
oxyacetic acid  from  4-nitroguaiacol,  but  no  reaction  took  place  be- 
tween the  dried  sodium  salt  and  ethyl  chloroacetate.  It  was  found, 
however,  that  the  method  used  by  Howard2  for  the  preparation  of 
/>-aminophenoxyacetic  acid  was  applicable  in  this  case.  In  this 
method  the  acetaminophenol  and  chloroacetic  acid  are  allowed  to  re- 

1  Kym,  J.  prakt.  Chetn.,  [2]  55,  113  (1897). 

2  Howard,  Bcr.  30,  546  (1897). 
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act  in  boiling  aqueous  solution  with  two  molecular  equivalents  of 
sodium  hydroxide.  This  method  was  also  used  for  the  preparation 
of  a  number  of  the  aminophenoxyacetic  acids  which  had  already 
been  prepared  over  the  nitro  compounds,  and  in  these  cases  also  not 
only  gave  excellent  results  but  seemed  even  better  suited  for  large- 
scale  work  than  that  involving  the  use  of  the  nitrophenol  sodium 
salts.  The  method  was  accordingly  adopted  with  equal  success  in 
all  subsequent  work  in  which  accessible  aminophenols  were  in  ques- 
tion. In  the  preparation  of  acetaminophenoxyacetic  acids  by  this 
method  we  have  found  it  advantageous,  after  the  first  reaction  be- 
tween the  acetaminophenol,  chloroacetic  acid,  and  alkali,  to  add 
again  one-half  the  amounts  of  chloroacetic  acid,  alkali  and  water,  and 
again  boil  to  neutral  reaction.  The  yields  then  obtained  were  usu- 
ally excellent. 

The  acetaminophenols  necessary  in  this  investigation  were  easily 
prepared  from  the  aminophenols  according  to  the  method  of  Lumiere 
and  Barbier,1  in  which  the  aminophenol  and  acetic  anhydride  are 
made  to  react  in  aqueous  solution.  For  the  preparation  of  such 
^-aminophenols  as  were  used  as  starting  materials  we  have  adopted 
with  excellent  results  the  rapid  and  convenient  method  used  by  Hen- 
derson and  Sutherland2  for  the  preparation  of  />-aminothymol,  con- 
sisting in  the  reduction  of  the  nitrosophenol  in  ammoniacal  solution 
with  hydrogen  sulfide.  In  all  cases  in  which  a  phenol  can  be  easily 
converted  into  its  nitroso  derivative  (or  quinoneoxime)  we  regard 
this  method  as  the  most  convenient  for  quickly  preparing  the  corre- 
sponding />-aminophenol  in  large  amounts. 

At  the  end  of  the  paper  we  have  appended  a  number  of  closely 
related  substances,  such  as  naphthoxy-  and  quinolyloxyacetic  acids 
and  two  aminophenoxybutyric  acids.  These  last  were  prepared  by 
converting  the  bromopropyl  ethers  of  the  acetaminophenols  into  the 
nitriles  and  then  saponifying.  Although  the  reaction  between  the 
bromopropyl  ethers  and  potassium  cyanide  proceeded  normally,  our 
attempts  to  prepare  the  corresponding  amino-/3-phenoxypropionic 
acids  failed,  owing  to  the  fact  that  the  acetaminophenyl  bromethyl 
ethers  react  with  potassium  cyanide  in  a  different  sense,  recalling  a 

1  Lumiere  and  Barbier,  Bull.  soc.  chim.,  [3]  33,  783,  (1905). 

2  Henderson  and  Sutherland,  /.  Chem.  Soc,  97,  1617  (1910). 
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similar  failure  to  obtain  .nitrile  formation  reported  by  Schreib'er1  in 
attempting  to  react  potassium  cyanide  with  />-cresoxyethyl  bromide. 
The  substitution  of  /3-iodo-  or  bromopropionic  acid  or  ester  for 
chloroacetic  acid  or  ester  in  the  methods  given  above  also  proved 
unsatisfactory. 

In  general,  the  aminophenoxyacetic  acids  described  in  this  paper 
are  difficultly  soluble  in  cold  water,  more  or  less  readily  in  hot,  and 
sparingly  soluble  in  the  neutral  organic  solvents.  Aqueous  suspen- 
sions dissolve  on  adding  either  mineral  acid,  alkali,  carbonate,  or 
ammonia.  Practically  all  of  the  aminophenoxyacetic  acids  and  their 
esters  give  colors  with  ferric  chloride,  and  those  containing  primary 
amino  groups  are  readily  diazotizable,  coupling  with  R-salt  to  give 
soluble  dyes  of  varying  shades  of  red.  The  amino  acids  also  form 
hydrochlorides  which  crystallize  readily  but  are  very  easily  hydro- 
lyzed.  Finally,  several  of  the  acids  showed  the  property  of  retain- 
ing one  molecule  of  water,  even  at  100°  in  vacuo. 

As  in  our  previous  papers,  all  substances  were  dried  to  constant 
weight  in  vacuo  over  a  suitable  drying  agent,  at  100°  whenever  pos- 
sible, before  analyses  or  melting-point  determinations  were  made. 

(.4)  o- Aminophenoxyacetic  Derivatives. 

o-Acetamino  phenoxy  acetic  Acid,  o-CHzCONHCaHiOCHzCOzH . — 
0-Aminophenol  was  prepared  from  the  nitrophenol  by  means  of  sodium 
sulfide  and  converted  into  the  acetyl  derivative  by  dissolving  in  one 
mol  of  dilute  sodium  hydroxide,  adding  1.1  mols  acetic  anhydride, 
and  then  acidifying,  according  to  Lumiere  and  Barbier.2  40  g. 
o-acetaminophenol,  25  g.  chloroacetic  acid  (1  mol),  42.6  g.  50% 
sodium  hydroxide  solution  (2  mols),  and  about  200  cc.  water  were 
boiled  down  to  small  volume  in  an  open  flask.  One-half  the  above 
quantities  of  chloracetic  acid,  alkali,  and  water  were  then  added 
and  the  solution  once  more  boiled  down  to  small  volume.  After  di- 
luting with  water,  hydrochloric  acid  was  added  in  excess,  the  acet- 
amino  acid  separating  as  a  thick  slurry.  This  was  filtered  off,  washed 
with  water  and  dried  in  the  air.     The  yield  was  50  g.    Recrystallized 

1  Schreiber,  Ber.,  24,  196  (1891). 

2  Loc.  cit. 
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from  water  it  forms  large,  faintly  pinkish  spears  which  contain  one 
molecule  of  water  of  crystallization  and  which  melt  with  gas  evolu- 
tion when  plunged  into  a  bath  at  a  temperature  above  100°.  When 
anhydrous  and  recrystallized  again  from  boiling  xylene,  in  which  it 
is  very  difficultly  soluble,  it  melts  at  153-4°  (cor.)  with  preliminary 
softening.  The  compound  is  very  easily  soluble  in  cold  acetic  acid 
when  not  anhydrous,  and  sparingly  soluble  after  its  water  of  crystal- 
lization is  driven  off. 

1.1467  g.  subst. :  0.0904  g.  loss  in  vacuo,  finally  at  100°.    H20,  7.88%.     1 H20,  7.93%. 
Anhydrous:  Kjeldahl:  0.3190  g.  subst.;  15.30  cc.  0.1  N  HC1. 
Calc.  for  C10HnO4N:  X,  6.70%.     Found:  X,  6.72%. 

o- Amino phenoxy acetic  Anhydride. — This  substance  is  obtained  by 
boiling  the  acetamino  acid  with  1:  1  hydrochloric  acid,  the  anhydride 
separating  after  a  few  minutes.  The  anhydride  may  also  be  prepared 
from  0-nitrophenoxyacetic  acid  by  the  usual  methods  of  reduction, 
including  that  involving  ferrous  sulfate  and  ammonia.  We  have 
found  it  advantageous,  however,  to  substitute  sodium  hydroxide  for 
the  ammonia  in  the  case  of  this  particular  substance,  owing  to  the 
sparing  solubility  of  the  anhydride  in  boiling,  dilute  ammonia  and 
its  ready  solubility,  on  the  other  hand,  in  boiling  dilute  sodium  hy- 
droxide. By  adopting  this  modification,  yields  as  high  as  78%  of  the 
theory  could  be  obtained,  or  about  10%  in  excess  of  the  amounts 
recovered  when  ammonia  was  used.  The  rapidity  and  convenience 
of  the  procedure  here  outlined  would  make  this  appear  to  be  the  most 
satisfactory  method  for  the  preparation  of  the  anhydride,  especially 
as  the  necessary  o-nitrophenoxyacetic  acid  may  be  easily  obtained  as 
follows:  139  g.  o-nitrophenol  are  suspended  in  800  cc.  water,  160 
g.  50%  sodium  hydroxide  solution  (2  mols)  added,  and  the  mixture 
warmed  until  the  phenol  dissolves.  A  solution  of  95  g.  (1  mol)  of 
chloroacetic  acid  in  200  cc.  water  is  then  added  and  the  whole  boiled 
under  a  reflux  condenser  for  1.5  hours.  The  unchanged  nitrophenol 
is  then  distilled  off  with  steam  and  the  residual  solution  cooled,  fil- 
tered, and  acidified  to  Congo  red  with  hydrochloric  acid.  A  number 
of  preparations,  carried  out  as  above,  gave  yields  of  from  55  to  60 
g.  of  e>-nitrophenoxyacetic  acid. 

0-Aminophenoxyacetic  anhydride  was  first  satisfactorily  isolated 
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by  Thate,1  who  reduced  the  nitro  acid  with  iron  filings  and  acetic 
acid  and  reported  the  melting  point  as  166-7°.  Our  samples  of  the 
anhydride  showed  all  the  properties  described  by  Thate,  except  the 
melting  point,  which  was  found  to  be  173-3.5°  (cor.)  after  recrystalli- 
zation  from  water. 

(B)  m- Amino  phenoxy  acetic  Acids. 

(1)  m- Amino  phenoxy  acetic  Acid. 

m-Nitro  phenoxy  acetic  Acid,  m-OoNC^HiOCHoCO^H. — 35.9  g.  of  the 
anhydrous  sodium  salt  of  w-nitrophenol  and  27.4  g.  chloroacetic  ethyl 
ester  were  heated  in  an  oil  bath  under  an  air  condenser,  first  at  130-140° 
until  a  clear  melt  was  obtained,  and  finally  for  2  hours  at  175°.  After 
cooling,  the  melt  was  taken  up  in  alcohol  and  the  ester  saponified  by 
adding  an  excess  of  aqueous  sodium  hydroxide  and  heating  the  mix- 
ture on  the  water  bath  for  15  minutes.  On  acidifying  with  hydro- 
chloric acid,  the  w-nitrophenoxy acetic  acid  separated  in  a  yield  of 
46  g.  Recrystallized  from  water,  the  acid  forms  brilliant,  slightly 
brownish  needles  which  melt  constantly  at  154-5°  (cor.)  with  pre- 
liminary softening,  resolidifying  when  the  temperature  of  the  bath 
drops  a  few  degrees  below  the  melting  point.  The  acid  dissolves 
readily  in  water  only  at  the  boiling  point,  is  easily  soluble  in  acetic 
acid  and  difficultly  in  toluene,  benzene  or  chloroform.  Bischoff,2 
who  obtained  the  compound  by  the  hydrolysis  of  the  corresponding 
malonic  ester,  gives  152-3°  as  the  melting  point,  while  Hewitt,  John- 
son, and  Pope,3  who  obtained  the  ester  in  40%  yield  by  heating  ;;/-ni- 
trophenol  and  chloroacetic  ester  in  alcohol  in  the  presence  of  sodium, 
give  151°  as  the  point  of  fusion. 

0.1982  g.  subst.;  12.4  cc.  moist  X,  766  mm.,  22°. 
Calc.  for  C8H705N:  N,  7.11%.     Found:  N,  7.11%. 

m- Amino phenoxyacetic  Acid. — 11.4  g.  w-nitrophenoxyacetic  acid 
were  dissolved  in  warm  alcohol  and  treated  first  with  112  cc.  concen- 
trated hydrochloric  acid  and  then  with  37.6  g.  tin,  added  in  small  por- 

1  Thate,  J.  prakt.  Chan.,  [2]  29,  178  (1884). 

2  Bischoff,  Bcr.,  40,  3143  (1907). 

3  Hewitt,  Johnson  and  Pope,  /.  Chan.  Soc,  103,  1626  (1913). 
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tions  to  the  warm  solution.  When  a  drop  of  the  mixture  gave  a  clear 
solution  on  dilution  with  water,  the  liquid  was  decanted  off,  evapo- 
rated to  dryness,  taken  up  in  water,  and  the  tin  precipitated  with 
hydrogen  sulfide.  The  nitrate  from  the  tin  sulfide  was  evaporated 
to  dryness,  yielding  37.5  g.  of  the  crude  amino  acid  hydrochloride. 
A  portion  of  this  was  dissolved  in  water,  boiled  with  bone-black, 
filtered,  cooled,  and  the  free  amino  acid  precipitated  by  the  addi- 
tion of  sodium  acetate  solution.  Recrystallized  first  from  water, 
then  by  dissolving  in  dilute  hydrochloric  acid  and  precipitating  with 
sodium  acetate,  it  forms  colorless,  lenticular  platelets  which  dissolve 
only  sparingly  in  the  usual  neutral  solvents.  Rapidly  heated  to  205°, 
then  slowly,  it  melts  at  207-8°  with  decomposition.  The  aqueous 
suspension  of  the  amino  acid  gives  a  dull  brown  color  with  ferric 
chloride  on  warming. 

0.1574  g.  subst.;  11.85  cc.  moist  N,  748  mm.,  24°. 
Caic.  for  C8H903N:  N,  8.38%.     Found:  N,  8.27°. 

m- Amino phenoxy acetic  Ethyl  Ester  Hydrochloride. — The  crude  amino 
acid  hydrochloride  obtained  above  was  suspended  in  about  10  parts 
of  absolute  alcohol  and  treated  with  a  stream  of  dry  hydrochloric 
acid  gas,  without  cooling.  The  mixture  was  concentrated  in  vacuo 
and  the  salt,  which  had  separated  partially,  was  completely  precipi- 
tated with  dry  ether.  A  portion  was  recrystallized  from  a  small  vol- 
ume of  absolute  alcohol,  using  bone-black,  and  letting  the  filtered 
solution  stand  at  0°.  The  salt  separates  as  colorless  plates  and  flat 
needles,  which  melt  at  135-6.5°  with  slight  preliminary  softening  and 
evolve  gas  above  200°.  It  is  very  readily  soluble  in  water,  the  free 
oily  ester  separating  from  the  solution  on  adding  sodium  carbonate. 

0.1353  g.  subst.;  0.0837  g.  AgCl. 

Calc.  for  C10H13O3N.HCI:  CI,  15.31%.     Found:  CI,  15.31%. 

(2)  z-Methyl-5 -Amino  phenoxy  acetic  Acid. 

2-Methyl-5-nitro  phenoxy  acetic  Acid. — The  dry  sodium  salt  of  2- 
methyl-5-nitrophenol  was  prepared  from  equimolecular  amounts  of  the 
nitrocresol  and  alcoholic  sodium  hydroxide  by  evaporating  to  dryness 
in  vacuo,  then  in  a  desiccator,  and  finally  in  an  air  bath  at  140°. 
55.2  g.  of  the  salt  thus  obtained  were  heated  in  an  oil  bath  under  an 
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air  condenser  with  38.7  g.  chloroacetic  ester  (1  mol)  until  clear  at 
130-40°  and  finally  for  2  hours  at  175°.  The  melt  was  taken  up  in 
alcohol,  diluted  with  an  equal  volume  of  water,  and  the  ester  saponi- 
fied by  warming  with  an  excess  of  sodium  hydroxide.  The  nitro 
acid,  precipitated  by  means  of  sulfuric  acid,  weighed  49.8  g.  Recrys- 
tallized  first  from  acetic  acid,  then  water,  it  forms  delicate,  drab- 
colored  needles  which  melt  at  177-7.5°  (cor.)  with  preliminary  soften- 
ing. It  dissolves  sparingly  in  cold  water,  acetic  acid,  or  benzene, 
and  readily  in  alcohol  or  acetone. 

0.1617  g.  subst.;  9.6  cc.  moist  N,  756  mm.,  21.5°. 
Calc.  for  C9H9O5N:  N,  6.64%.     Found:  N,  6.67%. 

2-Meihyl-S -amino phenoxy acetic  Acid. — This  substance  is  mentioned 
in  Ger.  pat.  230,592/  but  we  have  been  unable  to  find  a  description  of 
its  preparation  or  properties.  2-Methyl-5-nitrophenoxyacetic  acid 
was  reduced  with  tin  and  hydrochloric  acid  and  the  amino  acid 
hydrochloride  isolated  exactly  as  in  the  case  of  w-aminophenoxyacetic 
acid.  The  salt  was  taken  up  with  water,  filtered,  and  the  free  acid 
precipitated  by  addition  of  sodium  acetate  solution.  Recrystal- 
lized  by  dissolving  in  dilute  hydrochloric  acid  and  precipitating  with 
sodium  acetate,  it  forms  sheaves  of  minute  spindles  which  decom- 
pose at  about  232°  with  preliminary  softening.  It  is  difficultly  solu- 
ble in  the  usual  neutral  solvents  and  gives  no  color  with  ferric  chloride. 

0. 1444  g.  subst.;  9.8  cc.  N,  761  mm.,  21.0°. 

Calc.  for  C9H„03N:  N,  7.74%.     Found:  N,  7.70%. 

(3)  4-Methyl-5 -amino  phenoxy  acetic  Acid. 

4-Methyl-5 -nitro  phenoxy  acetic  Acid. — The  sodium  salt  of  4-methyl- 
5-nitrophenol  was  prepared  by  dissolving  the  nitrocresol  in  the  theo- 
retical amount  of  2  N  sodium  hydroxide  solution  and  salting  out  with 
sodium  chloride.  The  phenoxyacetic  acid  was  prepared  from  the 
dried  salt  exactly  as  in  the  two  preceding  cases.  The  yield  was  prac- 
tically theoretical.  Recrystallized  first  from  water,  using  bone- 
black,  then  from  acetic  acid,  the  compound  melts  at  151-4°  (cor.) 
with  preliminary  softening.     It  separates  from  toluene  in  feathery 

1  Friedlander,  Fortschr.  Teerjarbcnjabrik.,  10,  880. 
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aggregates  of  very  faintly  yellow  crystals  which  melt  as  above.  The 
acid  dissolves  in  acetic  acid  or  hot  toluene,  giving  colorless  solutions, 
while  the  solution  in  boiling  water  is  yellow. 

0.1680  g.  subst.;  10.1  cc.  X,  760  mm.,  21.0°. 
Calc.  for  C9H9O5N:  X,  6.64%.     Found:  X,  6.81°. 

4-Methyl-5-aminophenoxyacetic  Acid. — The  nitro  acid  was  reduced 
as  in  previous  examples.  The  amino  acid  was  isolated  from  the  crude 
hydrochloride  by  taking  this  up  in  water,  filtering,  and  adding  sodium 
acetate.  Recrystallized  from  water,  it  forms  long,  narrow,  slightly 
brownish  leaflets  which  soften  above  200°  and  melt  with  decomposi- 
tion at  235-40°.  It  is  very  difficultly  soluble  in  the  usual  neutral  sol- 
vents. A  solution  in  hot  water  gives,  with  ferric  chloride,  a  pur- 
plish color,  changing  through  brown  to  green  and  depositing  dark 
green  flocks. 

0.1403  g.  subst.;  9.3  cc.  X,  763  mm.,  25.5°. 

Calc.  for  C9Hn03X:  X,  7.74%.     Found:  X,  7.61%. 

(4)  3- Amino-6-methoxyphenoxy 'acetic  Acid. 

3-X  itro-6-methoxy  phenoxyacetic  Ethyl  Ester. — The  sodium  salt  of 
5-nitroguaiacol  was  prepared  from  5-nitroguaiacol  and  alcoholic  so- 
dium hydroxide.  Recrystallized  from  85%  alcohol,  it  forms  orange- 
red,  glistening  needles  which  are  easily  soluble  in  water  and  burn 
explosively  when  placed  in  a  flame.  28.7  g.  of  the  dried  salt  were 
heated  for  about  1.5  hours  in  an  oil  bath  at  150°  with  18.4  g.  chloro- 
acetic  ester  (until  the  melt  was  clear)  and  then  at  180°  for  about  2 
hours.  The  melt  was  cooled,  taken  up  with  benzene,  filtered  from 
sodium  chloride,  and  precipitated  with  ligroin.  The  yield  of  ester 
was  33  g.  Recrystallized  twice  from  95%  alcohol  and  twice  from 
benzene  it  forms  faintly  yellow  rhombs  which  melt  at  84.5-5°  (cor.) 
with  slight  preliminary  softening.  The  ester  is  sparingly  soluble  in 
the  cold  in  95%  alcohol  or  dry  ether,  and  dissolves  in  benzene  or 
toluene. 

Kjeldahl:  0.2562  g.  subst.;  9.9  cc.  0.1  .V  HC1. 

Calc.  for  CnH,306X:  X,  5.49%.     Found:  X   5.41%. 

3-Nitro-6-methoxyp]icnoxyacetic  Acid. — The  ester  was  dissolved  in 
5CK  c  alcohol  and  warmed  on  the  water  bath  with  an  excess  of  sodium 
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hydroxide  for  one-half  hour.  The  solution  was  cooled,  diluted  with 
water,  and  the  nitro  acid  precipitated  with  sulfuric  acid.  After  fil- 
tering, washing  with  water,  and  drying,  the  yield  was  37  g.  from  35.5 
g.  of  the  dry  sodium  salt  of  5-nitroguaiacol.  Recrystallized  success- 
ively from  85rc  alcohol,  acetic  acid,  and  95%  alcohol,  the  nitro  acid 
forms  glistening,  cream-colored,  microscopic  prisms  which  sublime 
slightly  above  150°  and  melt  at  184.5-6°  (cor.)  with  preliminary  soft- 
ening. It  is  very  difficultly  soluble  in  the  cold  in  water,  alcohol, 
chloroform,  benzene,  or  toluene. 

Kjeldahl:  0.1899  g.  subst.;  8.15  cc.  0.1  .V  HC1. 
Calc.  for  C9H906N:  N,  6.17%.     Found:  N,  6.01%. 

3-Amino-6-mcthoxyplienoxyacetic  Acid. — 10  g.  of  the  nitro  acid 
were  dissolved  in  dilute  aqueous  ammonia,  warmed,  and  added  to  a 
hot  solution  of  90  g.  of  crystallized  ferrous  sulfate  in  230  cc.  water. 
Ammonia  was  added  in  excess  and  the  mixture  heated  for  about  15 
minutes  before  filtering.  The  filtrate  was  acidified  with  acetic  acid 
and  concentrated  to  small  bulk.  The  amino  acid  separated  in  a  yield 
of  6  g.  Purified  by  dissolving  in  a  little  dilute  hydrochloric  acid, 
boiling  with  bone-black,  filtering,  and  adding  sodium  acetate  to  the 
filtrate,  then  by  recrystallization  from  water,  the  substance  forms 
clusters  of  minute  needles  which  contain  between  0.5  and  one  molecule 
of  water  of  crystallization.  It  is  very  difficultly  soluble  in  the  usual 
neutral  solvents  and,  when  anhydrous,  melts  with  preliminary  de- 
composition at  222-4°.  In  aqueous  suspension  the  amino  acid  gives 
a  deep  violet  color  with  ferric  chloride,  while  it  dissolves  in  concen- 
trated sulfuric  acid  with  an  indigo  color. 

Kjeldahl:  0.1995  g.  subst.;  9.4  cc.  0.1  V  HCL 
Calc.  for  C9Hn04X:  X,  6.51%.     Found:  N,  6.60%. 

The  amino  acid  was  also  prepared  through  the  acetamino  derivative 
by  the  following  series  of  reactions: 

5-Acctami)io^uaiacol  (3- Acetamino-6-methoxy phenol) . — The  hydro- 
chloride of  5-aminoguaiacol  was  prepared  by  reduction  of  the  nitro 
compound  according  to  Mameli.1  The  acetamino  derivative  was  ob- 
tained by  dissolving  the  hydrochloride  in  water,  adding  an  excess  of 

1  Mameli,  Chem.  Zailr.,  1908, 1,  25. 
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sodium  acetate,  and  then  shaking  with  1.1  mols  of  acetic  anhydride, 
essentially  as  described  by  Jona  and  Pozzi.1  The  product  obtained 
by  us,  however,  differed  in  its  properties  from  those  recorded  by  these 
authors.  Recrystallized  twice  from  9S%  alcohol  it  forms  glistening, 
rhombic  prisms,  which  melt  at  169-72°  with  preliminary  softening, 
instead  of  116-9°.  It  is  difficultly  soluble  in  cold  water,  or  hot 
benzene,  but  dissolves  more  readily  in  the  cold  in  alcohol  or  acetone. 
An  aqueous  suspension  gives  a  slowly  developing  olive-brown  color 
with  ferric  chloride  and  dissolves  with  a  pink  color,  changing  to  brown, 
when  a  drop  of  sodium  hydroxide  solution  is  added. 

0.1333  g.  subst.;  9.0  cc.  N,  763  mm.  22.5°. 

Calc.  for  C9Hn03X:  X,  7.74%.     Found:  N,  7.83%. 

3- Acetamino-6-methoxyphenoxy 'acetic  Acid. — 84  g.  5-acetaminoguaia- 
col  and  44  g.  chloroacetic  acid  were  dissolved  in  800  cc.  water  con- 
taining 37.2  g.  sodium  hydroxide  (2  mols)  and  slowly  boiled  down  to 
small  volume  in  an  open  flask.  The  solution  was  cooled,  acidified 
with  acetic  acid,  filtered  from  any  unchanged  acetaminoguaiacol,  and 
then  acidified  to  Congo  red  with  mineral  acid.  An  excellent  yield  of 
the  phenoxyacetic  acid  was  obtained.  Formed  in  this  way,  the  acid 
separates  as  a  hydrate  which  melts  at  about  110°  and  is  easily  soluble 
in  acetic  acid,  but  on  rubbing  the  solution  in  this  solvent  or  recrystal- 
lizing  even  from  water  an  anhydrous  form,  crystallizing  in  rhombs, 
Is  obtained.  A  portion,  recrystallized  first  from  water,  then  from 
acetic  acid,  melted  at  208-10°  (cor.)  with  preliminary  softening.  The 
anhydrous  acid  is  difficultly  soluble  in  the  cold  in  the  usual  neutral 
solvents.  When  boiled  with  1 :  1  hydrochloric  acid,  it  yields  the 
above  amino  acid. 

Kjeldahl:  0.2950  g.  subst.;  12.10  cc.  0.1  N  HC1. 
Calc.  for  CuHiAN:  N,  5.86%.     Found:  N,  5.75%. 

(C)  p-  Nitro-  and  p- Amino  phenoxyacetic  Acids. 

Especially  in  the  case  of  the  />-aminophenoxy acetic  acids  is  it 
preferable,  as  stated  in  the  introduction,  to  proceed  over  the  corre- 
sponding acetamino  compounds,  owing  to  the  ease  with  which  the 

1  Jona  and  Pozzi,  Gaz.  chim.  ital.,  41, 1,  729  (1911). 
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parent  aminophenols  may  be  prepared.  Of  the  methods  available, 
we  have  found  it  very  satisfactory,  both  from  the  standpoint  of  yield 
and  of  convenience,  to  nitrosate  phenols  containing  a  free  para  posi- 
tion and  then  reduce  the  nitrosophenols  in  ammoniacal  solution  with 
hydrogen  sulfide,  according  to  the  method  used  by  Henderson  and 
Sutherland1  in  the  case  of  />-nitrosothymol. 

(1)  p- Amino phenoxy acetic  Acid. 

p- Amino phenoxy acetic  Acid. — The  />-aminophenol  necessary  for  the 
preparation  of  this  substance  was  prepared  as  above  indicated  and 
converted  into  the  acetyl  derivative  by  the  method  of  Lumiere  and 
Barbier.1  177  g.  ^-acetaminophenol,  111  g.  chloroacetic  acid,  188  g. 
50%  sodium  hydroxide  solution,  and  1700  cc.  water  were  boiled  down 
to  somewhat  less  than  one-half  volume  in  an  open  flask.  The  solu- 
tion was  then  treated  with  one-half  the  original  amounts  of 
chloroacetic  acid,  sodium  hydroxide,  and  water,  and  again  boiled 
down  to  small  volume.  The  acetaminophenoxyacetic  acid  was  pre- 
cipitated by  acidifying  to  Congo  red  and  was  washed  with  water. 
The  yield  was  205  g.,  corresponding  in  properties  to  those  given  by 
Howard,1  who  omitted  the  second  treatment  with  chloroacetic  acid 
and  alkali,  a  procedure  which,  however,  we  regard  as  essential  for 
attaining  high  yields.  The  crude  hydrochloride  of  />-aminophenoxy- 
acetic  acid  was  obtained  by  boiling  the  acetamino  compound  with 
1:  1  hydrochloric  acid.  The  amino  acid  itself  melts  with  gas  evolu- 
tion and  subsequent  resolidification  at  about  220°.2 

The  Methyl  Ester  Hydrochloride. — 217  g.  of  crude  />-aminophenoxy- 
acetic  acid  hydrochloride  were  treated  in  2  liters  of  dry  methyl  alcohol 
with  a  rapid  stream  of  dry  hydrochloric  acid  gas,  without  cooling. 
The  ester  hydrochloride  separated  and  was  filtered  off  and  washed 
with  dry  ether.  Additional  fractions  were  obtained  on  concentrating 
the  alcoholic  nitrate  in  vacuo,  the  total  yield  being  205  g.  A  portion 
was  recrystallized  from  absolute  alcohol,  forming  long,  broad  needles 
which  melted  with  effervescence  at  223-5°  when  rapidly  heated. 
The  salt  dissolves  readily  in  water  or  methyl  alcohol  and  only  spar- 
ingly in  cold  absolute  alcohol. 

1  Loc.  cit. 

2  Cf.  This  Journal,  39,  1437  (1917). 
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0.2803  g.  subst.;  0.1852  g.  AgCl. 

Calc.  for  CsHuOaX-HCl:  CI,  16.30%.     Found:  CI,  16.34%. 

The  Methyl  Ester. — A  portion  of  the  crude  ester  hydrochloride  was 
dissolved  in  a  little  water  and  decomposed  with  sodium  carbonate 
solution.  The  ester  separated  as  an  oil  which  rapidly  crystallized. 
Recrystallized  from  water,  it  forms  long  needles  which  soften  above 
63°  and  melt  at  65-6°  (cor.) .  It  is  difficultly  soluble  in  cold  water  and 
readily  in  cold  alcohol  or  benzene.  The  aqueous  solution  gives  a 
purple  color  with  ferric  chloride. 

Kjeklahl:  0.3226  g.  subst.;  17.7  cc.  0.1  N  HC1. 
Calc.  for  CgHnC^N:  N,  7.74%.     Found:  N,  7.69%. 

(2)  p-Methylaminophenoxy acetic  Acid. 

p- A  cetylmethylaminophenoxy acetic  Acid,  ^-CH3CON(CH3)C6H4- 
OCH2C02H. — />-Acetylmethylaminophenol  was  prepared  by  dissolv- 
ing "metol"  in  water,  adding  1.1  mols  of  acetic  anhydride,  turbining, 
and  adding  an  excess  of  sodium  acetate.  Equimolecular  amounts 
of  the  phenol  and  chloroacetic  acid  and  2  mols  of  sodium  hydroxide 
were  boiled  in  10  parts  of  water  under  a  reflux  condenser  until  neutal, 
about  2  hours  being  required.  The  solution  was  cooled,  filtered  from 
a  small  amount  of  unchanged  phenol,  and  acidified  to  Congo  red 
with  hydrochloric  acid.  The  phenoxyacetic  acid,  obtained  in  excel- 
lent yield,  was  filtered  off  and  washed  with  water.  Recrystallized 
twice  from  water,  it  forms  almost  colorless  prisms  which  melt  at 
151-2°  (cor.)  with  slight  preliminary  softening.  The  acid  dissolves 
in  ethyl  acetate  or  absolute  alcohol,  but  is  only  sparingly  soluble  in 
the  cold  in  water  or  acetic  acid,  and  practically  insoluble  in  toluene 
or  chloroform. 

Kjeldahl:  0.3300  g.  subst.;  14.55  cc.  0.1  N  HC1. 
Calc.  for  CnHi304M:  N,  6.28%.     Found:  N,  6.17%. 

p-M ethylamino phenoxyacetic  Acid. — The  acetyl  compound  was 
boiled  several  hours  with  5  parts  1 :  1  hydrochloric  acid,  concentrated 
in  vacuo  to  a  syrup,  taken  up  with  water,  and  treated  with  an  excess 
of  sodium  acetate  solution.  The  amino  acid  separated  at  once  and 
was  washed  with  water  and  alcohol  and  dried.     In  one  series  of  ex- 
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periments  70  g.  ^-methylaminophenol  sulfate  ("metol"),  carried 
through  the  steps  described  above,  yielded  60  g.  of  the  amino  acid. 
Recrystallized  twice  from  water,  it  forms  almost  colorless,  glistening 
scales  which  soften  above  200°  and  melt  at  213-4°  with  gas  evolution. 
The  substance  is  very  difficultly  soluble  in  the  usual  neutral  solvents. 
An  aqueous  suspension  gives  a  deep  lilac  color  with  ferric  chloride, 
while  a  solution  in  dilute  hydrochloric  acid  deposits  glistening  needles 
of  a  nitroso  compound  when  treated  with  sodium  nitrite  solution. 

Kjeldahl:  0.3108  g.  subst;  17.0  cc.  0.1  N  HC1. 
Calc.  for  C9Hn03N:  N,  7.74%.     Found:  N,  7.66%. 

(3)  p-Gly  cine  phenoxyacetic  Acid. 

p-Glycine  Ethyl  Ester  Phenoxyacetic  Acid,  /KH5C2O2CCH2NHC6H4- 
OCH2C02H.— 12  g.  of  air-dry  ^-aminophenoxyacetic  acid  were  dis- 
solved in  67  cc.  of  normal  sodium  hydroxide  and  boiled  under  a  reflux 
condenser  with  8.2  g.  chloracetic  ethyl  ester  and  70  cc.  alcohol  for  1.5 
hours.  After  cooling  the  ester  separated  on  rubbing  and  was  filtered 
off  and  washed  with  a  little  alcohol.  Recrystallized  twice  from  85% 
alcohol,  using  bone-black,  it  forms  almost  colorless,  radiating  masses 
of  hair-like  needles  which  melt  and  decompose  at  173-6°  with  prelimi- 
nary softening.  The  ester  gives  a  strong  iodoform  test  and  dissolves 
readily  in  water,  the  solution  giving  a  violet  color  with  ferric  chloride. 

Kjeldahl:  0.2117  g.  subst;  8.8  cc.  0.1  N  HC1. 

Calc.  for  C12H15O5X:  N,  5.53%.     Found:  N,  5.82%. 

p-Glyci iic phenoxyacetic  Acid. — The  ethyl  ester  was  warmed  on  the 
water  bath  for  10  minutes  with  a  slight  excess  of  double  normal 
sodium  hydroxide  solution,  cooled,  acidified  to  Congo  red  with 
hydrochloric  acid  and  concentrated  in  vacuo.  The  addition  of  strong 
hydrochloric  acid  caused  a  precipitate  of  the  hydrochloride  of  the 
amino  acid  to  separate  on  scratching.  This  was  filtered  off,  dissolved 
in  a  small  volume  of  hot  water,  and  treated  with  saturated  sodium 
acetate  solution.  The  precipitate  was  filtered  off  and  recrystallized 
from  water,  using  bone-back,  forming  crusts  consisting  of  spherules 
of  micro-crystals.  When  rapidly  heated  to  175°  and  then  slowly, 
the  acid  melts  at  177-80°  with  gas  evolution,  a  mixture  with  the  ester 
melting  at  about  160°.     When  pure,  the  acid  is  rather  difficultly  solu- 
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ble  in  cold  water,  acetic  acid,  or  95%  alcohol.     The  aqueous  solution 
gives  a  deep  violet  color  with  ferric  chloride. 

Kjeldahl:  0.2294  g.  subst.;  14.3  cc.  0.1  N  HC1. 
Calc.  for  CioHu06N:  N,  6.22%.     Found:  N,  6.23%. 

The  glycinephenoxyacetic  acid  was  also  prepared  directly  from 
/>-aminophenoxyacetic  acid,  chloroacetic  acid,  and  alkali,  but,  as 
made  by  this  method,  it  could  not  be  obtained  analytically  pure  by 
recrystallization  from  water  or  50%  alcohol,  probably  owing  to  the 
presence  of  a  more  difficultly  soluble  diglycinephenoxyacetic  acid. 
For  synthetic  purposes,  however,  the  acid  was  sufficiently  pure,  as 
was  shown  by  its  conversion  into  the  dimethyl  ester. 

The  Dimethyl  Ester. — 10.6  g.  of  the  crude  acid  were  treated  in  100 
cc.  of  dry  methyl  alcohol  with  a  stream  of  dry  hydrochloric  acid  gas. 
The  ester  hydrochoride  separated  on  cooling,  the  process  being  com- 
pleted by  the  addition  of  dry  ether.  The  yield  was  10  g.  A  portion 
of  the  salt  was  decomposed  with  sodium  carbonate  solution,  the 
gummy  precipitate  solidifying  on  rubbing.  Recrystallized  twice  from 
methyl  alcohol,  it  forms  almost  colorless,  transparent  prisms  which 
melt  at  63.5-4°  (cor.)  with  slight  preliminary  softening.  The  ester  is 
rather  sparingly  soluble  in  the  cold  in  alcohol,  methyl  alcohol,  or 
ether,  but  dissolves  readily  in  benzene  or  acetone.  The  aqueous  sus- 
pension gives  a  slowly  developing  violet  color  with  ferric  chloride, 
while  a  solution  in  acid  yields  an  orange-colored  precipitate  with 
sodium  nitrite. 

0. 1819  g.  subst.;  8.8  cc.  N,  766  mm.,  26.5°. 

Calc.  for  C12H1606N:  N,  5.53%.     Found:  N,  5.37%. 

(4)  2 -Methyl-4-aminophenoxy acetic  Acid. 

2-Methyl-4-acetaminophenoxyacetic  Acid. — 0-Cresol  was  nitrosated 
in  aqueous  solution  by  means  of  sulfuric  acid  and  sodium  nitrite  and 
the  nitroso  compound  reduced  in  10%  ammoniacal  solution  with  hy- 
drogen sulfide.  The  resulting  ^-amino-o-cresol  was  acetylated  as  in 
previous  examples.  62.5  g.  ^-acetamino-0-cresol,  40  g.  chloroacetic 
acid,  and  33.7  g.  sodium  hydroxide  were  dissolved  in  500  cc.  water, 
boiled  down  in  an  open  flask  to  a  volume  of  about  200  cc,  and  then 
boiled  under  a  reflux  condenser  until  neutral.     The  solution  was  cooled 
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and  acidified  with  hydrochloric  acid.  The  yield  of  acetamino  acid 
was  75%  of  the  theory.  Recrystallized  twice  from  acetic  acid,  it 
melts  with  preliminary  softening  at  202-4.5°.  It  is  very  difficultly 
soluble  in  the  cold  in  the  usual  solvents. 

Kjeldahl:  0.3071  g.  subst.;  13.05  cc.  0.1  N  HC1 
Calc.  for  CnHuCUN:  N,  6.28%.     Found:  N,  5.95%. 

2-Methyl-4-nitrophenoxy acetic  Acid. — Equimolecular  amounts  of  the 
dried  sodium  salt  of  />-nitro-o-cresol  and  ethyl  chloroacetate  were 
heated  as  in  previous  examples  and  the  crude  ester  saponified  in  the 
usual  way.  Recrystallized  twice  from  50%  acetic  acid,  then  from 
toluene,  the  nitro  acid  forms  practically  colorless,  felted  needles 
which  melt  with  preliminary  softening  at  127.5-30.5°  to  a  liquid  which 
clears  completely  at  135.5°.  It  is  easily  soluble  in  alcohol,  hot  50% 
acetic  acid,  or  hot  toluene. 

0.1369  g.  subst.;  8.15  cc.  moist  N,  774  mm.,  21.7°. 
Calc.  for  C9H905N:  N,  6.64%.     Found:  N,  6.85%. 

2-Methyl-4-aminophenoxy acetic  Acid. — This  substance  was  obtained 
both  by  reduction  of  the  nitro  acid  in  aqueous-alcoholic  hydrochloric 
acid  by  means  of  tin,  and  by  saponification  of  the  acetyl  derivative 
with  1 :  1  hydrochloric  acid.  The  acid  was  separated  from  the  solu- 
tion of  its  hydrochloride  by  means  of  sodium  acetate  and  purified  by 
taking  up  in  dilute  hydrochloric  acid  and  again  adding  sodium  ace- 
tate solution.  The  amino  acid  forms  almost  colorless  needles  which 
sinter  at  about  230°  and  then  darken,  but  do  not  melt  up  to  285°. 
It  is  difficultly  soluble  in  the  usual  neutral  solvents,  and,  in  aqueous 
suspension,  gives  a  deep  violet  color  with  ferric  chloride.  The  sub- 
stance apparently  separates  with  one  molecule  of  water  of  crystalliza- 
tion which  is  not  lost  at  100°  in  vacuo. 

0.1254  g.  subst.;  7.6  cc.  N,  760  mm.,  19.5°. 

Calc.  for  C9H„03N.H20:  N,  7.04%.     Found:  N,  7.08%. 

The  Methyl  Ester  Hydrochloride. — The  salt  was  prepared  in  the 
same  way  as  in  previous  cases,  completing  the  precipitation  by  the 
addition  of  dry  ether.  Recrystallized  from  absolute  alcohol,  it  forms 
minute  needles  which  melt  and  decompose  at  195-200°  with  prelim- 
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inary  softening.     The  salt  is  readily  soluble  in  water,  the  solution 
giving  a  gradually  deepening  purple  color  with  ferric  chloride. 

0 .  2748  g.  subst. ;  0.1679  g.  AgCl. 

Calc.  for  C,0H„O,N.HCl:  CI,  15.31%.     Found:  CI,  15.12%. 

The  Methyl  Ester. — Sodium  carbonate  separates  the  ester  from  the 
salt  as  an  oil  which  solidifies  on  scratching.  Dried  and  recrystallized 
from  ligroin,  the  only  one  of  the  usual  organic  solvents  in  which  it  is 
difficultly  soluble,  it  forms  colorless  needles  which  melt  at  59.5-60° 
(cor.)  with  slight  preliminary  softening. 

Kjeldahl:  0.3077  g.  subst.;  0.1525  cc.  0.1  N  HC1. 
Calc.  for  C10H13O3N:  N,  7.18%.     Found:  X,  6.92%. 

The  Ethyl  Ester  Hydrochloride. — This  was  prepared  in  the  same  way 
as  the  methyl  esters,  concentrating  the  solution  to  small  bulk  in  vacuo 
and  precipitating  the  salt  with  dry  ether.  Recrystallized  by  dis- 
solving in  absolute  alcohol  and  precipitating  with  dry  ether,  it  forms 
colorless,  glistening  needles  and  plates,  which  melt  at  about  185-93° 
with  gas  evolution  and  preliminary  softening. 

0.1540  g.  subst.;  11.63  cc.  AgX03  soln.1 

Calc.  for  CnH1503X.HCl:  CI,  14.44%.     Found:  CI,  14.01%. 

The  Ethyl  Ester. — Sodium  carbonate  separates  the  ester  from  an 
aqueous  solution  of  the  salt  as  an  oil  which  soon  solidifies.  Recrys- 
tallized first  from  ligroin,  then  by  dissolving  in  a  little  hot  benzene, 
adding  ligroin  cautiously,  and  cooling,  the  ester  separates  as  pale 
brown  prisms  which  melt  at  43-4.5°  (cor.)  with  preliminary  softening. 
It  is  less  easily  soluble  in  ligroin  than  in  the  other  organic  solvents. 

0.0793  g.  subst.;  4.9  cc.  X,  756  mm.,  26.5°. 

Calc.  for  CnHi503X:  X,  6.70%.     Found:  X.  6.77%. 

(5)  3 -Methyl-4-aminophenoxy  acetic  Acid. 

3-Methyl-4-acetaminophenoxyacetic  Acid.  —  /?-Acetamino-w-cresol 
was  prepared  through  the  nitroso  compound  of  ;«-cresol  by  reduction 
with  ammonia  and  hydrogen  sulfide  and  acetylation  of  the  amino- 

1  1  cc.  =  0.00186  g.  CI. 
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phenol  as  in  the  preceding  examples.  21  g.acetamino  compound,  13.3 
g.  chloroacetic  acid,  and  11.2  g.  sodium  hydroxide  were  dissolved  in 
300  cc.  water  and  boiled  down  to  about  100  cc,  continuing  the  boil- 
ing under  a  reflux  condenser  until  neutral.  The  solution  was  then 
cooled  and  the  acetamino  acid  precipitated  by  adding  hydrochloric 
acid.  The  yield  was  21  g.  Recrystallized  from  water,  it  forms  ag- 
gregates of  flat,  glistening  prisms,  which,  after  a  subsequent  recrystal- 
lization  from  acetic  acid,  melt  at  165-7.5°  with  preliminary  softening. 
The  acid  is  difficultly  soluble  in  the  cold  in  water  or  acetic  acid. 

0.3174  g.  subst;  13.70  cc.  0.1  N  HC1. 

Calc.  for  CnH1304X:  X,  6.28%.     Found:  N,  6.05%. 

3-Methyl-4-)iitrophc>wxyacetic  Acid. — This  substance  was  prepared 
in  the  usual  way  from  the  dried  sodium  salt  of  />-nitro-wz-cresol  and  a 
slight  excess  of  chloroacetic  ester,  followed  by  saponification.  The 
yield  was  87%  of  the  theory.  Recrystallized  first  from  50%  alcohol, 
with  bone-blacking,  then  from  acetic  acid,  the  nitro  acid  forms  faintly 
yellow  needles  which  become  opaque  on  drying  and  melt  at  141-3°. 

0.1124  g.  subst.;  6.6  cc.  X,  764  mm.,  26.0°. 

Calc.  for  C9H905X:  X,  6.64%.     Found:  X,  6.52%. 

3-Methyl-4-aminophenoxy acetic  Acid. — This  substance  was  prepared 
as  in  the  case  of  its  isomer,  both  by  reduction  of  the  nitro  acid  with 
tin  and  aqueous  alcoholic  hydrochloric  acid  and,  more  conveniently,  by 
hydrolysis  of  the  acetamino  acid. 

Recrystallized  from  water  it  forms  slightly  brownish,  hexagonal 
plates  which  contain  one  molecule  of  water  of  crystallization.  The 
acid  decomposes  partially  below  the  melting  point,  which  lies  at 
about  217-9°.  In  aqueous  solution  it  gives  a  violet  color  with  ferric 
chloride.     The  acid  is  very  difficultly  soluble  in  benzene  or  cold  water. 

1.2986  g.  subst.;  0.1192  g.  loss,  100°  in  vacuo  H20,  9.18%.     1  H20,  9.05%. 
Anhydrous:  Kjeldahl:  0.2296  g.  subst.;  13.0  cc.  0.1  JV  HC1. 
Calc.  for  C9Hn03X:  X,  7.74%.     Found:  X,  7.93%. 

3-Methyl-4-aminophcnoxyacctic  Methyl  Ester  Hydrochloride. — On  es- 
terification  of  the  acid  in  dry  methyl  alcohol  saturated  with  hydro- 
chloric acid  the  salt  separated  as  large,  glistening  plates,  more  being 
obtained  by  addition  of  dry  ether.     Recrystallized  by  dissolving  in 
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dry  methyl  alcohol  and  precipitating  with  dry  ether,  it  melts  and 
effervesces  at  195-200°  with  slight  preliminary  softening. 

0.2410  g.  subst.;  0.1504  g.  AgCl. 

Calc.  for  C10H13O3X.HCl:  CI,  15.31%.     Found:  CI,  15.43%. 

The  Methyl  Ester. —The  crude  ester,  precipitated  from  the  salt  by 
means  of  sodium  carbonate,  was  recrystallized  from  85%  alcohol, 
forming  rosets  of  glistening  needles  which  soften  above  104°  and  melt 
at  105-5.5°  (cor.).  The  base  is  readily  soluble  in  methyl  alcohol,  less 
easily  in  ether. 

Kjeldahl:  0.2874  g.  subst.;  14.25  cc.  0.1  N  HC1. 
Calc.  for  CioH1303X:  X,  7.18%.     Found:  X,  6.95%. 

The  Ethyl  Ester  Hydrochloride. — This  was  prepared  in  the  same  way 
as  its  2-methyl  isomer.  Recrystallized  twice  from  absolute  alcohol, 
in  which  it  is  rather  difficultly  soluble,  it  forms  rhombic  crystals, 
which  melt  at  about  203-4°  with  gas  evolution  and  preliminary 
softening. 

0.2102  g.  subst.;  0.1227  g.  AgCl. 

Calc.  for  CnHu03X.HCl:  CI,  14.44%.     Found:  CI,  14.43%. 

The  Ethyl  Ester. — Sodium  carbonate  deposited  the  ester  from  an 
aqueous  solution  of  the  salt  as  an  oil  which  crystallized  after  several 
days  in  the  ice  box.  The  product  was  dried,  taken  up  in  alcohol-free 
ether,  and  the  solution  filtered  and  allowed  to  evaporate  spontaneously 
in  the  ice  box.  The  crystalline  portion  of  the  residue  was  freed  from 
oil  by  pressing  out  on  a  porous  plate  and  was  recrystallized  twice 
from  alcohol-free  ether  with  the  aid  of  a  freezing  mixture.  The  ester 
forms  pale  brown  needles  which  soften  above  53.5°  and  melt  at  55- 
5.5°  (cor.).  It  dissolves  readily  at  room  temperature  in  the  usual 
organic  solvents  except  ligroin. 

Kjeldahl:  0.2765  g.  subst.:  12.85  cc.  0.1  N  HC1. 
Calc.  for  CnH1503X:  X,  6.70%.     Found:  X,  6.51%. 

3-Mct]iyl-4-chloroacctylaminophenoxyacetic  Acid. — 6.25  g.  of  the 
amino  acid  were  suspended  in  water  and  dissolved  by  adding  a  solu- 
tion of  sodium  hydroxide,  drop  by  drop.  An  excess  of  sodium  acetate 
was  next  added,  followed  by  5  cc.  chloroacetyl  chloride,  with  shaking 
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and  chilling.  A  thick  paste  of  the  sodium  salt  of  the  chloroacetyl  com- 
pound resulted.  This  was  dissolved  by  adding  water  and  the  solu- 
tion neutralized  with  sodium  hydroxide  and  again  shaken  with  3  cc. 
chloroacetyl  chloride.  The  mixture  was  then  made  acid  to  Congo 
red,  the  chloroacetyl  derivative  separating  as  a  voluminous  mass 
of  hair-like  needles.  After  recrystallization  from  water  the  yield  was 
5.5  g.  Recrystallized  first  from  acetic  acid,  then  from  toluene,  the 
substance  forms  rosets  of  delicate  needles  which  melt  at  159-60.5° 
(cor.)  with  slight  preliminary  softening.  It  is  difficultly  soluble  in 
the  cold  in  water,  acetic  acid,  or  toluene.  When  recrystallized  from 
acetic  acid  it  contains  solvent  of  crystallization  which  is  only  slowly- 
lost  in  the  air,  three  weeks  being  required  in  one  instance, 

Kjeldahl:  0.2972  g.  subst;  11.50  cc.  0.1  N  HCI. 
Calc.  for  CnH1204NCl:  N,  5.44%.    Found:  N,  5.42%. 

■ 

(6)  2-Allyl-4-amino phenoxyacetic  Acid. 

o-Allylphenol ,  o-HoC:  CHCHoC6HiOH. — This  substance  was  en- 
countered by  Claisen1  on  decomposing  3-allylsalicylic  acid  by  means 
of  heat,  but  was  not  described  in  detail.  The  substance  is  easily 
obtained  in  good  yield  by  the  general  method  discovered  by  Claisen2 
for  the  conversion  of  the  allylethers  of  phenols  into  their  correspond- 
ing o-allylphenols.  Owing  to  the  comparatively  low  boiling  point  of 
phenyl  allyl  ether  the  isomerization  takes  somewhat  longer  than  in 
most  of  the  cases  given  by  Claisen,3  but  is  nevertheless  practically 
quantitative.  When  the  temperature  of  the  boiling  liquid  no  longer 
rises  (219-20°  is  the  maximum  we  observed)  the  product  is  dissolved 
in  alkali,  shaken  out  with  ligroin  if  necessary,  and  the  aqueous  solu- 
tion acidified  with  sulfuric  acid.  The  allylphenol  is  taken  up  in 
ligroin,  washed  with  water,  filtered,  dried  over  sodium  sulfate,  and 
evaporated.  On  fractionating  in  vacuo  practically  the  entire  amount 
boiled  over  at  109-10°  at  22  mm.  Claisen  gives 96-100°  at  12  mm. 
The  phenol  solidifies  in  a  freezing  mixture  to  a  mass  of  crystals  which 
melt  at    —6°.     An  aqueous  suspension  instantly  reduces  permanga- 

1  Claisen,  Ann.,  401,  73  (1913). 

2  Ibid.,  p.  21. 

3  Ibid.,  p.  49. 
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nate,  and,  with  ferric  chloride,  gives  a  transitory  dull  blue  color, 
changing  to  a  muddy,  greenish  brown. 

0.1031, 0.1062  g.  subst.;  0.3040,  0.3138  g.  C02;  0.0701,  0.0734  g.  H20. 
Calc.  for  C»HioO:  C,  80.55%;  H,  7.52%.     Found:  C,  80.42,  80.59%;  H,  7.61, 
7.74%. 

p-Nitroso-o-Allylphenol. — 50  g.  0-allylphenol  were  dissolved  in  5 
liters  of  water  containing  375  cc.  of  normal  sodium  hydroxide  solu- 
tion and  170  g.  sodium  nitrite  added.  After  adding  ice,  the  mixture 
was  vigorously  turbined  while  adding,  drop  by  drop,  a  solution  of  125 
cc.  acetic  acid  in  1250  cc.  water,  adding  ice  from  time  to  time  so  as  to 
keep  the  temperature  below  5°.  The  nitroso  compound  separates  at 
lirst  as  a  dark  tar  which  finally  crystallizes.  After  stirring  until  the 
entire  product  is  crystalline,  the  mixture  is  allowed  to  stand  in  the 
cold  for  about  2  hours.  The  supernatant  liquid  is  then  decanted  off 
and  the  precipitate  filtered,  washed,  and  purified  by  taking  up  in  20% 
sodium  carbonate  solution,  filtering  from  tar,  and  acidifying  with 
sulfuric  acid.  As  obtained  in  this  way,  the  yield  of  nitroso  compound 
was  35  g.  Recrystallized  from  toluene,  it  forms  yellow-brown  crys- 
talline aggregates  which  soften  above  97-5°  and  melt  with  partial  de- 
composition at  99.5-100°.  The  substance  is  very  difficultly  soluble 
in  cold  toluene,  very  easily  in  hot,  and  readily  soluble  in  cold  absolute 
alcohol.  It  dissolves  in  sodium  hydroxide,  sodium  carbonate,  or 
ammonia  solutions  with  a  brown-orange  color,  and  in  sulfuric  acid- 
phenol  (Liebermann  test)  with  an  olive  green  color. 

0.1518  g.  subst;  11.4  cc.  N,  761  mm.,  24.0°. 

Calc.  for  C9H902N:  N,  8.59%.     Found:  N,  8.39%. 

2- Allyl-4-amino phenol. — 34  g.  p-nitroso-o-allylphenol  were  dissolved 
in  350  cc.  dilute  ammonia  (1  part  concentrated  to  1.5  parts  water)  and 
saturated  with  hydrogen  sulfide.  The  aminophenol  was  filtered  off, 
washed  with  water,  taken  up  in  dilute  hydrochloric  acid,  filtered  from 
sulfur,  and  reprecipitated  by  means  of  ammonia.  The  yield  was  25 
g.  Recrystallized  from  50%  alcohol,  it  forms  delicate,  slightly 
brownish  leaflets  which  soften  above  111°  and  melt  at  112.5-13.5° 
(cor.).  It  dissolves  readily  in  absolute  alcohol  or  acetone  and  dif- 
ficultly in  cold  benzene,  readily  on  warming.  An  aqueous  suspension 
gives  a  slowly  developing  purple  color,  followed  by  a  brown  precipi- 
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tate,  with  ferric  chloride.    A  solution  in  dilute  alkali  changes  through 
green  and  violet  to  brown. 

Kjeldahl:  0.1972  g.  subst;  13.35  cc.  0.1  N  HC1. 
Calc.  for  C9H11ON:  N,  9.40%.     Found:  N,  9.48%. 

2 -Allyl-4-acetamino phenol. — 25  cc.  acetic  anhydride  were  added  to 
a  solution  of  25  g.  of  the  aminophenol  in  200  cc.  of  normal  hydrochloric 
acid,  followed,  with  vigorous  stirring,  by  an  excess  of  saturated  so- 
dium acetate  solution.  The  acetamino  compound  separated  as  an  oil 
which  soon  crystallized.  The  yield  was  26  g.  Recrystallized  from  a 
large  volume  of  boiling  benzene,  it  forms  lenticular  platelets  which 
soften  at  92°  and  melt  at  93-3.5°  (cor.).  It  is  very  easily  soluble  in 
acetic  acid,  alcohol,  or  ether.  A  solution  in  the  first  reduces  perman- 
ganate instantly,  while  a  suspension  in  water  gives  a  momentary  blue 
color  with  ferric  chloride,  changing  to  greenish  gray. 

Kjeldahl:  0.2999  g.  subst.;  15.50  cc.  0.1  N  HC1. 
Calc.  for  CnH1302N:  N,  7.33%.     Found:  N,  7.24%. 

2-Allyl-4-acetaminophenoxyacetic  Acid. — 24  g.  of  the  crude  acet- 
aminoallylphenol,  1 1 .3  g.chloroaceticacid,  19.2  g.  50%  sodium  hydrox- 
ide solution,  and  200  cc.  water  were  boiled  down  to  small  bulk  in  an 
open  flask.  One-half  of  the  above  quantities  of  chloroacetic  acid, 
alkali,  and  water  were  then  added  and  the  solution  again  boiled  down 
to  small  volume.  After  dilution  with  warm  water  the  solution  was 
made  just  acid  with  acetic  acid,  bone-blacked,  filtered,  and  made  acid 
to  Congo  red.  The  acetamino  acid  separated  as  an  oil  which  rapidly 
crystallized.  The  yield  was  30  g.  A  small  portion  was  recrystal- 
lized twice  from  acetic  acid  and  then  from  xylene,  forming  almost  col- 
orless, wedge-shaped  crystals  which  melted  at  181-3°  (cor.).  The 
acid  dissolves  in  acetone  or  acetic  acid  in  the  cold  and  is  only  very 
sparingly  soluble  in  water  or  xylene  at  their  boiling  points.  A  solu- 
tion in  acetic  acid  reduces  permanganate  instantly,  showing  the  allyl 
group  to  be  still  intact. 

Kjeldahl:  0.2940  g.  subst.;  11.70  cc.  0.1  N  HC1. 
Calc.  for  CuHuCmN:  N,  5.62%.     Found:  N,  5.58%. 

2- Allyl-4-atninophenoxy 'acetic  Acid. — 10  g.  of  the  crude  acetamino 
acid  were  boiled  for  20  minutes  under  an  air  condenser  with  50  cc.  25% 
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sulfuric  acid,  a  clear  solution  being  eventually  obtained.  This  was 
cooled  and  treated  with  20%  sodium  carbonate  solution  until  most  of  the 
free  acid  was  neutralized  and  a  small  amount  of  tar  separated.  Sodium 
acetate  solution  was  then  added  in  excess,  the  amino  acid  separating  and 
rapidly  crystallizing.  The  crude  product  was  suspended  in  water,  dis- 
solved in  a  slight  excess  of  hydrochloric  acid,  bone-blacked,  and  filtered. 
The  amino  acid  separated  from  this  solution  on  adding  an  excess  of  so- 
dium acetate  as  spherules  of  microscopic  leaflets  which  dissolved  with 
difficulty  in  the  usual  neutral  solvents.  The  yield  was  4.7  g.  When 
rapidly  heated  to  190°,  then  slowly,  the  acid  softens  and  finally  melts 
with  gas  evolution  at  193.5-4°  to  a  red  liquid.  An  aqueous  suspen- 
sion gives  a  slowly-developing,  deep  violet  color  with  ferric  chloride. 
The  diazonium  solution  couples  with  R-salt  to  yield  a  much  deeper 
red  than  is  obtained  in  the  case  of  the  other  aminoalkylphenoxyacetic 
acids. 

Kjeldahl:  0.1965  g.  subst.;  9.5  cc.  0.1  N  HC1. 

Calc.  for  CiiH1303N:  N,  6.76%.     Found:  N,  6.77%. 

(7)  2,  5 -Dimethyl-4-aminophenoxy acetic  Acid. 

p-A cetamino-p-xylenol{2 ,5 -dimethyl-4-acetamino  phenol) . — The  neces- 
sary ^-amino-^-xylenol  was  obtained  in  practically  quantitative  yield 
by  the  reduction  of  ^-nitroso-^-zylenol  in  ammoniacal  solution  by 
means  of  hydrogen  sulfide.  The  amino  compound  was  converted 
into  its  acetyl  derivative  by  dissolving  in  1  mol  hydrochloric  acid, 
adding  1.25  mols  aceticanhydride,  turbining,  and  adding  an  excess  of 
sodium  acetate.  The  yield  was  almost  quantitative.  Recrystallized 
successively  from  water,  acetic  acid,  and  absolute  alcohol,  it  forms 
transparent  octahedra  which  soften  at  178.5°  and  melt  at  180-1.5° 
(cor.).  The  substance  is  practically  insoluble  in  benzene,  sparingly 
soluble  in  cold  water,  and  more  readily  soluble  in  the  cold  in  acetone, 
acetic  acid,  or  alcohol.  An  aqueous  solution  gives  a  dull  blue  color 
with  ferric  chloride. 

Kjeldahl:  0.3165  g.  subst.;  17.50  cc.  0.1  N  HC1. 
Calc.  for  C10H13O2N:  N,  7.82%.     Found:  N,  7.75%. 

2,5-Dimethyl-4-acetaminophenoxyacetic  Acid. — This  was  prepared  as 
in  previous  examples,  adding  additional  amounts  of  chloroacetic  acid, 
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alkali,  and  water  after  the  first  heating.  37  g.  were  obtained  from 
33.6  g.  of  the  acetaminoxylenol.  Recrystallized  first  from  water,  then 
from  acetic  acid,  the  acetamino  acid  forms  rosets  of  needles  which 
melt,  with  preliminary  softening,  at  195-7°  (cor.)  to  a  yellow  liquid. 
It  is  somewhat  soluble  in  cold  acetone,  very  sparingly  in  benzene  or 
water. 

Kjeldahl:  0.3119  g.  subst.;  12.85  cc.  0.1  N  HC1. 

Calc.  for  C12H1504X:  N,  5.91%.     Found:  N,  5.77%. 

2.5-Dimethyl-4-aminop1ienoxyacetic  Acid.  —  This  substance  was 
formed  in  quantitative  yield  on  boiling  the  acetamino  compound  with 
5  parts  of  1 :  1  hydrochloric  acid  for  2  hours.  The  hydrochloride, 
which  separated  on  cooling,  yielded  the  free  amino  acid  when  dis- 
solved in  water  and  treated  with  sodium  acetate.  Recrystallized 
from  water,  the  amino  acid  forms  almost  colorless,  glistening  scales 
which  melt  and  decompose  at  210-5°  when  rapidly  heated,  resolidi- 
fying and  then  not  melting  below  280°.  It  is  very  sparingly  soluble  in 
the  usual  neutral  solvents,  and,  in  aqueous  suspension,  gives  an 
ultramarine  color  with  ferric  chloride. 

Kjeldahl:  0.3798  g.  subst.;  19.20  cc.  0.1  JV  HC1. 
Calc.  for  Ci0H13O3X:  X,  7.18%.     Found:  X,  7.08%. 

The  Methyl  Ester  Hydrochloride. — The  salt  separated  practically 
quantitatively  on  saturation  of  a  methyl  alcoholic  suspension  of  the 
acid  with  hydrochloric  acid  gas.  Recrystallized  from  dry  methyl  al- 
cohol, it  forms  prismatic  needles  which  darken  and  soften  above  220° 
and  melt  with  decomposition  at  232-4°.  It  is  quite  soluble  in  water, 
difficultly  in  cold  absolute  alcohol. 

0.2534  g.  subst.;  0.1478  g.  AgCl. 

Calc.  for  CnHI503X.HCl:  CI,  14.44%.     Found:  CI,  14.43%. 

The  Methyl  Ester. — The  ester  separates  as  an  oil  which  crystallizes 
on  rubbing.  Recrystallized  twice  from  methyl  alcohol  it  forms  long, 
flat  needles,  which  melt  at  66.5-7°  (cor.)  with  slight  preliminary 
softening.  It  is  readily  soluble  at  room  temperature  in  the  usual 
organic  solvents  except  ligroin,  and  only  sparingly  soluble  in  methyl 
alcohol  at  0°. 

Kjeldahl:  0.3050  g.  subst.;  14.50  cc.  0.1  N  HC1. 
Calc.  for  CuHuO»N:  X,  6.70%.     Found:  X,  6.66%. 
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2,5-Dimethyl-4-aminophenoxyacetic  Ethyl  Ester  Hydrochloride. — The 
salt  separated  from  the  ethyl  alcoholic-hydrochloric  acid  reaction  mix- 
ture on  standing.  Recrystallized  from  absolute  alcohol,  it  forms 
long,  glistening  needles  which,  when  rapidly  heated,  melt  at  205-15° 
with  decomposition  and  preliminary  softening. 

0.3125  g.  subst.;  0.1729  g.  AgCl. 

Calc.  for  G2H17O3N.HCI:  CI,  13.66%.     Found:  CI,  13.69%. 

The  Ethyl  Ester. — The  base  separates  as  an  oil  which  solidifies  on 
rubbing.  Recrystallized  first  from  50%  alcohol,  then  twice  from 
ligroin,  it  forms  long  needles  which  melt  at  66-6.5°  (cor.)  with  pre- 
liminary sintering,  practically  the  same  temperature  as  the  melting 
point  of  the  methyl  ester.  A  mixture  of  the  two  substances  melted 
at  about  50°.  The  ethyl  ester  is  readily  soluble  in  the  usual  organic 
solvents  at  room  temperature,  with  the  exception  of  ligroin.  Aqueous 
suspensions  of  both  esters  give  violet  colors  with  ferric  chloride. 

Kjeldahl:  0.3096 g.  subst.;  13.15  cc.  0.1  TV  HC1. 
Calc.  for  Ci2H1703N:  N,  6.28%.     Found:  N,  5.95%. 

(8)  2-Methyl-4-amino-5-isopropylphenoxy acetic  Acid. 

Acetaminocaroacrol. — 32  g.  aminocarvacrol  were  suspended  in  200 
cc.  water,  12  cc.  acetic  acid  added,  and  the  mixture  then  turbined  and 
treated  with  25  cc.  acetic  anhydride.  The  acetyl  derivative  separated 
as  a  thick  oil  which  gradually  crystallized  and  then  showed  the  prop- 
erties recorded  in  the  literature.     The  yield  was  38.5  g. 

2-Methyl-4-acetamino-S-isopropylphenoxy acetic  Acid.  —  This  sub- 
stance was  obtained  in  practically  quantitative  yield  by  the  method 
given  in  previous  cases.  The  acid  separated  as  an  oil  which  rapidly 
crystallized.  Recrystallized  from  much  water  it  forms  glistening 
needles  with  a  faint  pink  tinge  which  are  difficultly  soluble  in  the  cold 
in  neutral  solvents.  The  acid  melts  constantly  at  190-1.5°  (cor.) 
with  preliminary  softening. 

Kjeldahl:  0.3899  g.  subst.;  14.50  cc.  0.1  X  HC1. 
Calc.  for  Ci4Hi904N:  N,  5.28%.     Found:  N,  5.21%. 

2-Methyl-4-amino-5-iso  pro  pylphenoxy  acetic  Acid. — This  was  obtained 
in  quantitative  yield  by  boiling  the  acetamino  acid  with  5  parts  of  1 :  1 
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hydrochloric  acid  for  2  hours,  cooling,  filtering  off  the  hydrochloride, 
and  recovering  the  remainder  from  the  filtrate  by  concentration. 
The  acid  was  liberated  from  the  salt  as  in  previous  examples  and  was 
purified  by  a  repetition  of  the  process.  The  amino  acid  forms  faintly 
purplish  prisms  which  soften  above  215°  and  melt  at  225-6°  with  ef- 
fervescence. It  is  very  difficultly  soluble  in  the  usual  neutral  solvents 
and,  in  aqueous  suspension,  gives  an  ultramarine  color  with  ferric 
chloride. 

Kjeldahl:  0.3178  g.  subst.;  14.25  cc.  0.1  N  HC1. 

Calc.  for  CuHnOsN:  N,  6.28%.     Found:  N,  6.28%. 

The  Methyl  Ester  Hydrochloride. — This  was  prepared  as  in  previous 
cases.  A  portion  of  the  salt  was  dissolved  in  boiling  absolute  alcohol, 
cooled,  and  precipitated  with  dry  ether,  forming  flat  rods  which  soft- 
ened above  180°  and  melted  at  185-6°  (cor.).  It  is  rather  sparingly 
soluble  in  the  cold  in  absolute  alcohol  or  water,  and  in  solution  in  the 
latter,  gives  a  slowly-developing  blue-violet  color  with  ferric  chloride. 

0.3295  g.  subst.;  0.1712  g.  AgCl. 

Calc.  for  Ci3Hi903N.HCL:  CI,  12.96%.     Found:  CI,  12.85%. 

The  Methyl  Ester. — The  base  separated  as  an  oil  which  crystallized 
on  standing  overnight  in  the  ice  box.  Recrystallized  from  ligroin,  it 
formed  silky,  hair-like  needles  which  melted  at  29-30°  (cor.)  and  dis- 
solved readily  in  the  other  organic  solvents.  The  ester  is  strongly 
triboelectric. 

0.0739  g.  subst.;  4.0  cc.  N,  763  mm.,  24.5°. 

Calc.  for  CuHiAN:  N,  5.91%.     Found:  N,  6.05%. 

(P)  3-Methyl-4-amino-6-isopropylphenoxyacetic  Acid. 

p-Acetaminothymol. — />-Aminothymol  was  prepared  according  to 
Henderson  and  Sutherland1  and  acetylated  as  descibed  above  in  the 
case  of  its  isomer,  acetaminocarvacol. 

3-Methyl-4-acetamino-6-isopropylphenoxyacetic  Acid. — The  acid  was 
obtained  in  the  usual  way,  the  yield  being  somewhat  less  than  in  the 
case  of  the  isomeric,  2,4,5-compound.  Recrystallized  from  50% 
acetic  acid,  it  forms  glistening  needles  which  melt  at  186.5-88°  (cor.) 

1  Loc.  cit. 
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with  slight  preliminary  softening.     It  is  difficultly  soluble  in  water 
or  toluene,  easily  in  acetic  acid  or  acetone. 

Kjeldahl:  0.3457  g.  subst;  12.80  cc.  0.1  Ar  HC1. 
Calc.  for  CmH^AN:  N,  5.28%.     Found:  X,  5.19%. 

3-Methyl-4-amino-6-iso pro pylphenoxy 'acetic  Acid. — The  amino  acid 
was  prepared  as  in  the  case  of  the  isomer.  Recrystallized  from  ethyl 
acetate,  it  forms  slightly  brownish  aggregates  of  rhombs  which 
melted  and  decomposed  at  204-6°  when  rapidly  heated.  It  is  very 
difficultly  soluble  in  the  usual  neutral  solvents  and,  in  aqueous  sus- 
pension, gives  an  ultramarine  color  with  ferric  chloride,  as  in  the 
case  of  its  isomer. 

Kjeldahl:  0.3181  g.  subst.;  14.10  cc.  0.1  N  HC1. 
Calc.  for  Ci2H1703X:  X,  6.28%.     Found:  X,  6.21%. 

The  Methyl  Ester  Hydrochloride. — The  salt  was  isolated  in  almost 
quantitative  yield  by  evaporating  to  dryness  in  vacuo  the  methyl 
alcoholic-hydrochloric  acid  solution  obtained  in  the  esterification  of 
the  acid,  taking  up  in  a  little  hot  absolute  alcohol,  and  precipitating 
with  dry  ether.  The  salt  separated  slowly  in  sheaves  and  rosets  of 
<ielicate  needles  which  dissolved  readily  in  methyl  or  ethyl  alcohols 
and  which,  after  purifying  by  a  repetition  of  the  final  steps  above, 
melted  at  169-71°  with  slight  preliminary  softening.  The  aqueous 
solution,  like  the  acid,  gives  an  ultramarine  color  with  ferric  chloride. 
On  addition  of  sodium  carbonate  the  ester  separated  as  an  oil  which 
did  not  crystallize. 

0.2825  g.  subst.;  0.1464  g.  AgCl. 

Calc.  for  C13H1903X.HC1:  CI,  12.96%.     Found:  CI,  12.82%. 

(10)  2-Br  omo-4- Amino  phenoxy  acetic  Acid. 

2-Bromo-4-nitro phenol. — Van  Erp1  brominated  /?-nitrophenol  in 
acetic  acid  solution,  but  obtained  a  pure  product  only  after  precipitat- 
ing the  accompanying  dibromo  compound  by  means  of  aniline.  As 
will  be  seen  below,  removal  of  this  substance  can  be  readily  accom- 
plished simply  by  adding  water.     97.3  g.  ^-nitrophenol  were  dissolved 

1  Van  Erp,  Rec.  trav.  chim.,  29,  187  (1910). 
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in  about  250  cc.  acetic  acid  and  treated  in  several  portions  with  a  so- 
lution of  35  cc.  bromine  in  35  cc.  acetic  acid.  The  solution  was  then 
warmed  on  the  water  bath  for  several  hours,  until  a  test  portion, 
when  diluted  with  water,  gave  an  oily  precipitate  which  crystallized 
on  cooling  and  scratching.  An  equal  volume  of  water  was  next 
added,  the  solution  cooled  and  allowed  to  stand  for  about  2  hours. 
The  precipitated  dibromo  compound  was  filtered  off  and  the  filtrate 
diluted  with  a  further  quantity  of  water,  precipitating  the  2-bromo-4- 
nitrophenol.  This  was  dried  (yield,  83  g.)  and  recrystallized  from 
toluene,  then  melting  at  113-4°,  as  given  for  the  product  obtained  by 
Diels  and  Bunzl1  by  hydrolysis  of  the  ethyl  ether. 

Z-Bromo-4-amino  phenol  Hydrochloride. ^-This  substance  was  ob- 
tained by  adding  the  nitrophenol  in  small  portions  to  a  solution  of 
stannous  chloride  in  concentrated  hydrochloric  acid.  The  double 
tin  salt  separated  at  once  and  was  filtered  off  and  decomposed  in  the 
usual  manner.  The  yield  of  the  aminophenol  hydrochloride  was  ex- 
cellent. When  rapidly  heated  it  darkens  above  230°  and  decomposes 
to  a  purple  tar  at  about  260-5°,  corresponding  in  its  other  properties 
to  those  given  by  Holz.2 

2-Bromo-4-acetamino phenol. — This  was  prepared  from  the  hydro- 
chloride in  aqueous  solution  with  acetic  anhydride  and  sodium  acetate 
as  in  numerous  previous  examples,  and  showed  the  properties  given 
by  Holz. 

2-Bromo-4-acetaminophenoxyacetic  Acid. — 46.3  g.  of  the  bromo- 
acetaminophenol,  19  g.  chloracetic  acid,  16.1  g.  sodium  hydroxide, 
and  400  cc.  water,  were  boiled  down  to  small  bulk  in  an  open  flask, 
diluted  with  water,  and  made  just  acid  with  acetic  acid.  After  filter- 
ing from  traces  of  unchanged  bromoacetaminophenol  the  phenoxy- 
acetic  acid  was  precipitated  by  acidification  to  Congo  red.  Recrys- 
tallized twice  from  acetic  acid  the  compound  forms  slightly  brownish 
aggregates  of  minute  prisms  which  soften  above  200°  and  melt  to  a 
brown  liquid  at  216-9.5°  (cor.) .  It  is  somewhat  less  difficultly  soluble 
at  room  temperature  in  absolute  alcohol  than  in  the  other  usual 
solvents. 


1  Diels  and  Bunzl,  Ber.  38,  1491  (1905). 

2  Holz,  /.  prakl.  C/ian.,  [2]  32,  65  (1885). 
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Kjeldahl:  0.3784  g.  subst.;  13.10  cc.  0.1  N  HC1. 

Calc.  for  C10Hio04NBr:  N,  4.86%.     Found:  N,  4.85%. 

2-Bromo-4-aminophenoxy acetic  Acid. — The  acetamino  acid  was  hy- 
drolyzed  with  1 :  1  hydrochloric  acid,  the  amino  acid  hydrochloride 
separating  from  the  solution  on  cooling.  This  was  converted  into  the 
free  amino  acid  by  treatment  with  sodium  acetate  in  the  usual  way 
and  the  amino  acid  purified  by  a  repetition  of  the  process.  The  acid 
forms  minute,  almost  colorless  prisms  which  are  very  sparingly  soluble 
in  the  usual  neutral  solvents.  When  rapidly  heated  it  melts  with 
effervescence  at  about  230-5°,  resolidifying  immediately  to  a  mass 
which  does  not  melt  below  280°;  if  the  heating  is  carried  out  slowly, 
the  substance  merely  sinters  above  215°  and  does  not  melt  below 
280°.     An  aqueous  suspension  gives  a  violet  color  with  ferric  chloride. 

Kjeldahl:  0.3663  g.  subst.;  14.60  cc.  0.1  N  HC1. 

Calc.  for  C8H803NBr:  N,  5.69%.     Found:  N,  5.58%. 

The  Methyl  Ester  Hydrochloride. — This  salt  was  obtained  from  the 
amino  acid  hydrochloride  by  esterification  in  the  usual  way.  Recrys- 
tallized  from  absolute  alcohol,  it  forms  glistening  platelets  which 
soften  above  210°  and  melt  with  effervescence  at  220-2°.  The  salt 
is  quite  readily  soluble  in  water,  the  solution  giving  a  slowly  develop- 
ing wine-red  color  with  ferric  chloride. 

0.3173  g.  subst.;  0.1540  g.  AgCl. 

Calc.  for  C9H10O3NBr.HCl:  CI,  11.95%.    Found:  CI,  12.01%. 

The  Methyl  Ester. — The  base,  obtained  by  decomposition  of  the 
salt  with  dilute  sodium  carbonate,  was  recrystallized  first  from  abso- 
lute alcohol,  then  from  an  insufficient  amount  of  hot  ligroin  (b.  p. 
90-100°),  the  colored  impurities  remaining  in  the  insoluble  portion 
The  ester  forms  long,  delicate,  glistening  needles  which  soften  at 
73.5°  and  melt  at  74.5°  (cor.).  It  is  readily  soluble  in  benzene,  ether, 
or  methyl  alcohol. 

0. 1839  g.  subst.;  8.6  cc.  N,  761  mm.,  20.0\ 

Calc.  for  C9H10O3NBr:  N,  5.39%.    Found:  N,  5.33%. 
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(72)  2-Methyl-4-amino-6-bromophenoxyacetic  Acid. 

2-Methyl-4-acetamino-6-bromo phenol  Hydrobromide. — This  unusual 
salt  was  obtained  as  follows:  30  g.  />-acetamino-o-cresol  were  dis- 
solved in  300  cc.  of  hot  acetic  acid  and  cooled  to  about  35-40°.  To 
the  supersaturated  solution  was  added,  drop  by  drop,  with  constant 
stirring,  a  solution  of  9.2  cc.  bromine  in  3  volumes  of  acetic  acid. 
The  hydrobromide  separated  when  the  solution  was  cooled  and 
scratched,  the  yield  being  44.5  g.  Recrystallized  from  acetic  acid 
containing  a  little  hydrobromic  acid  the  salt  forms  pale  cream-colored 
crystalline  aggregates  which  soften  slightly  above  180°  and  melt  at 
194-6°  with  effervescence. 

0.1643  g.  subst.;  9.6  cc.  AgX03  soln.1 

Calc.  for  C9Hi0O2XBr.HBr:  Br-,  24.58%.     Found:  Br~,  24.49%. 

2-Methyl-4-acetamino-6-bromo  phenol  (2-bromo-4-acetamino-o-cresol). 
— A  portion  of  the  salt  was  dissolved  in  a  large  volume  of  boiling 
water  and  treated  with  sodium  acetate  solution,  whereupon  the  free 
acetaminobromocresol  separated.  Recrystallized  from  toluene,  it 
formed  cream-colored,  woolly  masses  of  delicate  hairs  which  melted 
constantly  at  155-6°  (cor.),  with  preliminary  softening.  As  Janney2 
reports,  the  melting  point  as  152°,  and  we  were  therefore  in  some  doubt 
as  to  the  position  of  the  bromine  on  the  nucleus,  the  compound  was 
synthesized  as  follows: 

2-Bromo-4-amino-o-cresol  {2-methyl-4-amino-6-bromo  phenol)  Hydro- 
chloride.— 4-Nitro-o-cresol  was  brominated  in  acetic  acid  solution  ac- 
cording to  Auwers3  and  the  product  reduced  in  the  usual  way  with 
stannous  chloride  and  hydrochloric  acid,  filtering  off  the  sparingly 
soluble  double  tin  salt  which  separated.  The  yield  of  the  amino- 
phenol  hydrochloride  was  about  50%  of  the  theory.  Kehrmann, 
Mussmann,  and  Facchinetti4  prepared  the  salt  by  reducing  the  bro- 
moquinoneoxime  but  characterized  it  incompletely.  Recrystallized 
from  warm  absolute  alcohol  by  the  addition  of  an  equal  volume  of 

1  1  cc.  =  0.004192  g.  Br. 

2  Janney,  Ann.,  398,  354  (1913). 

3  Auwers,  Bcr..  39,  3174  (1906). 

4  Kehrmann,  Mussmann  and  Facchinetti,  Ber.  48,  2021  (1915). 
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dry  ether,  the  salt  forms  minute,  flat  needles  which  darken  above 

230°  and  decompose  at  265-70°.     It  gives  a  purple  color  with  ferric 

chloride. 

Kjeldahl:  0.2048  g.  subst.;  8.6  cc.  0.1  N  HC1. 

Calc.  for  C7H8OXBr.HCl:  X,  5.87%.     Found:  X,  5.88%. 

The  free  base  obtained  from  the  above  salt  melted  at  146-8°,  as  found 
by  Janney,  and  not  as  given  by  the  above  authors.  When  the  amino 
hydrochloride  is  acetylated  as  in  previous  cases  2-methyl-4-acetamino- 
6-bromophenol  is  formed.  The  analysis,  melting  point,  and  mixed 
melting  point  determinations  showed  it  to  be  identical  with  the  sub- 
stance obtained  by  brominating  ^-acetamino-o-cresol  as  above. 

Kjeldahl:  0.3701  g.  subst.;  15.0  cc.  0.1  -V  HC1. 

Carius:  0.1451  g.  subst.;  0.1133  g.  AgBr. 

Calc.  for  C9Hio02XBr:  X,  5.74%;  Br,  32.74%.     Found:  X,  5.68%;  Br,  33.24%. 

2-Methyl-4-acetamino-6-bromophenoxyacetic  Acid. — The  above  2- 
bromo-4-acetamino-o-cresol  hydrobromide  was  used  as  starting  ma- 
terial for  this  substance.  One  equivalent  of  the  salt,  one  of  chloro- 
acetic  acid,  and  three  of  sodium  hydroxide  were  boiled  in  aqueous 
solution  until  neutral.  The  acetamino  acid  separated  on  acidifying 
to  Congo  red.  Recrystallized  twice  from  acetic  acid,  it  forms  minute, 
cream-colored,  interlaced  needles,  which  melt  at  216-6.5°  (cor.)  with 
preliminary  softening.  It  is  somewhat  less  sparingly  soluble  in  ace- 
tone or  absolute  alcohol  than  in  the  other  usual  solvents. 

Kjeldahl:  0.3015  g.  subst.;  10.15  cc.  0.1  A*  HC1. 

Calc.  for  CuH1204XBr:  N,  4.64%.     Found:  X,  4.72%. 

The  acid  was  also  prepared  from  a  portion  of  the  bromoacetamino- 
cresol  obtained  from  the  nitro  compound  and  proved  identical  in 
every  way  to  the  substance  just  described. 

2-Methyl-4-amino-6-bromophenoxy acetic  Acid. — The  acetamino  acid 
was  boiled  under  a  reflux  condenser  with  5  parts  of  1 :  1  hydrochloric 
acid  for  about  15  minutes,  until  the  amino  acid  hydrochloride  began 
to  separate  from  the  boiling  solution.  The  salt  was  converted  into 
the  free  acid  in  the  usual  manner  and  this  purified  by  a  repetition  of 
the  process.  The  acid  forms  thin,  almost  colorless  platelets,  which 
melt  with  decomposition  at  223°.     It  is  very  difficultly  soluble  in  the 
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usual  solvents  with  the  exception  of  boiling  alcohol.  An  aqueous 
suspension  gives  no  color  with  ferric  chloride  in  the  cold,  but  on  boil- 
ing the  liquid  turns  dark  brown,  soon  changing  to  a  lighter  red  brown. 

Kjeldahl:  0.3058  g.  subst.;  11.60  cc.  0.1  N  HC1. 
Calc.  for  C9Hi0O3NBr:  N,  5.39%.    Found:  N,  5.31%. 

The  Methyl  Ester  Hydrochloride. — The  salt  separated  from  the  reac- 
tion mixture  after  saturating  a  suspension  of  the  amino  acid  in  dry 
methyl  alcohol  with  hydrochloric  acid  gas  and  cooling  the  resulting 
solution.  Recrystallized  from  methyl  alcohol,  it  forms  practically 
colorless,  interlaced  needles,  which  dissolve  rather  sparingly  in  water. 
When  rapidly  heated,  the  salt  melts  and  decomposes  at  245-50°  with 
preliminary  darkening  and  softening.  Its  aqueous  solution  gives  a 
slowly-developing  rose  color  with  ferric  chloride. 

0.2758  g.  subst.;  0.1270  g.  AgCl. 

Calc.  for  CioHi203NBr.HCl:  CI,  11.42%.    Found:  CI,  11.39%. 

The  Methyl  Ester. — The  base  separated  as  an  oil  which  soon  solidified. 
Recrystallized  first  from  50%  alcohol,  then  from  toluene  by  adding 
ligroin  to  the  warm  solution  until  just  turbid,  it  forms  sheaves  of 
long  needles  which  soften  above  57°  and  melt  at  59°  (cor.).  The  ester 
is  readily  soluble  in  the  usual  organic  solvents  with  the  exception  of 
ligroin. 

Kjeldahl:  0.3395  g.  subst.;  12.55  cc.  0.1  N-  HC1. 

Calc.  for  C10H12O3NB1-:  N,  5.11%.    Found:  N,  5.18%. 

(12)  4- Amino-6-methoxyphenoxy acetic  Acid. 

In  our  first  efforts  to  prepare  this  acid  recourse  was  had  to  the  re- 
action between  nitrophenol  sodium  salts  and  chloroacetic  ethyl  ester. 
Although  no  difficulty  had  been  experienced  in  the  case  of  the  sodium 
salt  of  5-nitroguaiacol  it  was  found  that  the  dried  salt  of  the  4-nitro 
isomer  failed  to  react,  even  in  the  presence  of  sodium  iodide  as  cata- 
lyzer. The  acetyl  derivative  of  the  desired  amino  acid  was  synthe- 
sized, however,  by  heating  4-acetaminoguaiacol1  in  aqueous  solution 
with  chloroacetic  acid  and  alkali  in  the  usual  manner.  The  acet- 
amino  acid  was  then  readily  hydrolyzed  to  the  amino  compound. 

1  From  the  aminoguaiacol  as  in  previous  examples. 
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4-Acetamino-6-methoxyphenoxyaceticAcid. — 8g.4-acetaminoguaiacol, 
4.2  g.  chloroacetic  acid,  3.6  g.  sodium  hydroxide,  and  40  cc.  water 
were  boiled  for  about  one  hour.  The  sodium  salt  of  the  acid  sepa- 
rated on  cooling.  The  mixture  was  diluted  with  water  and  acidified 
with  hydrochloric  acid.  The  yield  of  acetamino  acid  was  about  85% 
of  the  theory.  Recrystallized  first  from  water,  then  acetic  acid,  it 
forms  almost  colorless  nodules  of  microscopic  crystals  which  melt  at 
about  190-1°,  the  point  of  fusion  depending  somewhat  on  the  rate  of 
heating.  The  acid  is  sparingly  soluble  in  the  cold  in  the  usual  neu- 
tral solvents. 

Kjeldahl:  0.3839  g.  subst.;  15.9  cc.  0.1  N  HC1. 

Calc.  for  CiiH1305N:  N,  5.86%.     Found:  N,  5.80%. 

4- Amino-6-methoxyphenoxy acetic  Acid. — A  batch  of  the  acetamino 
acid  obtained  by  working  up  to  60  g.  4-aminoguaiacol  was  boiled 
under  a  reflux  condenser  with  about  500  cc.  1:1  hydrochloric  acid 
for  about  one  hour.  The  solution  was  evaporated  in  vacuo,  taken 
up  with  water,  and  carefully  neutralized  with  sodium  carbonate  solu- 
tion, the  amino  acid  separating  on  scratching.  The  yield  was  60  g. 
Recrystallized  from  water  it  forms  almost  colorless,  glistening  plates 
which  are  less  sparingly  soluble  in  boiling  water  than  in  boiling  alcohol 
or  acetone.  An  aqueous  suspension  gives  a  deep  purple  color  with 
ferric  chloride.  When  rapidly  heated  the  acid  melts  at  190°  with 
decomposition. 

0.1640  g.  subst.;  10.8  cc.  N,  761  mm.,  21.5°. 

Calc.  for  C9Hn04N:  N,  7.11%.     Found:  N,  7.45%. 

The  Ethyl  Ester  Hydrochloride. — The  salt  was  prepared  as  in  analo- 
gous cases  already  described,  separated  from  the  reaction  mixture  on 
cooling.  Recrystallized  from  absolute  alcohol  it  forms  delicate, 
felted  needles  which  melt  at  180-6°  with  preliminary  softening.  It  is 
readily  soluble  in  the  cold  in  water  or  methyl  alcohol,  less  easily  in 
absolute  alcohol.  The  aqueous  solution  gives  a  purple  color  with 
ferric  chloride  and  diazotizes  readily,  coupling  with  R-salt  to  give  a 
dye  of  a  deeper  red  shade  than  those  obtained  with  most  of  the  other 
aminophenoxyacetic  acids.  The  free  ester  was  obtained  by  adding 
aqueous  sodium  carbonate  to  the  salt,  but  did  not  crystallize. 

0.2549  g.  subst.;  0.1415  g.  AgCl. 

Calc.  for  CiiH1504N.HCl:  CI,  13.56%.     Found:  CI,  13.73%. 
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(13)  4-Amino-6 -car boxy phenoxy acetic  Acid. 

In  this  case  the  synthesis  of  the  desired  amino  acid  was  rendered 
difficult  not  only  by  the  fact  that  the  dried  sodium  salt  of  5-nitrosalicylic 
methyl  ester  failed  to  react  with  ethyl  chloroacetate,  but  also  by  the 
unsatisfactory  result  of  an  attempt  to  react  5-acetaminosalicylic  acid 
with  chloroacetic  acid  and  alkali  in  aqueous  solution.  The  amino 
acid  was  finally  synthesized,  however,  by  the  following  series  of 
reactions : 

4-N  itr  0-6 -aldehydo  phenoxy  acetic  Acid. — 5  g.  o-aldhydophenoxyacetic 
acid  were  added  in  portions  to  25  g.  fuming  nitric  acid  (d.  1.52), keep- 
ing the  temperature  below  5°.  The  clear,  yellow  solution  was  allowed 
to  stand  for  2-3  minutes  and  was  then  poured  onto  ice,  precipitating 
the  nitro  derivative  in  excellent  yield.  Recrystallized  first  from  acetic 
acid,  then  ethyl  acetate,  it  forms  colorless,  microscopic  rhombs  which 
melt  at  190-2°  (cor.)  with  preliminary  softening.  In  the  cold  it  is 
somewhat  soluble  in  acetone  or  ethyl  acetate,  sparingly  in  alcohol  or 
acetic  acid,  and  almost  insoluble  in  water.  It  dissolves  sparingly  in 
hot  water  to  a  colorless  solution,  which  turns  yellow  on  adding  sodium 
hydroxide.  The  position  of  the  nitro  group  was  proven  after 
oxidation  to  the  corresponding  carboxylic  acid  (see  below) . 

0.1810  g.  subst.;  9.6  cc.  moist  N,  756  mm.,  19.4°. 
Calc.  for  C^rOeN:  N,  6.22%.     Found:  N,  6.02  %. 

The  Acid  Phenylhydrazone. — Equimolecular  amounts  of  the  acid 
and  phenylhydrazine  were  warmed  in  50%  alcohol  for  one-half  hour 
on  the  water  bath.  A  yellow  color  developed  immediately  and  the 
acid  was  converted  into  an  orange  precipitate.  This  was  filtered  off 
and  recrystallized  from  85%  alcohol,  forming  glistening,  brown-orange 
rhombs,  which  dissolved  very  sparingly  in  benzene,  chloroform,  or 
cold  acetic  acid,  and  more  readily  in  acetone  or  ethyl  acetate.  When 
rapidly  heated  to  about  220°  and  then  slowly,  it  decomposes  at  222°. 
The  phenylhydrazone  is  very  resistant  to  hydrolysis  by  boiling  aqueous 
alcoholic  hydrochloric  acid,  dissolves  in  sulfuric  acid  with  an  orange- 
red  color,  and  yields  a  difficultly  soluble,  orange-red  sodium  salt 
with  dilute  aqueous  sodium  hydroxide  or  carbonate. 

0.1375  g.  subst.;  15.9  cc.  moist  N,  755  mm.,  21.0°. 
Calc.  for  CuHuOsN,:  N,  13.33%.     Found:  N,  13.02%. 
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4-Nitro-6-carboxyphenoxyacetic  Acid. — 4.9  g.  of  the  nitroaldehydo 
acid  were  dissolved  in  60  cc.  water  containing  2.4  g.  sodium  carbonate 
and  to  the  solution  was  slowly  added  a  warm  4%  solution  of  potassium 
permanganate  until  a  permanent  pink  color  was  obtained.  About 
60  cc.  of  the  permanaganate  solution  were  required.  The  mixture 
was  decolorized  with  alcohol,  filtered,  and  the  filtrate  acidified  with 
sulfuric  acid.  The  yield  was  excellent.  Recrystaliized  from  water, 
the  acid  forms  warty  aggregates  of  very  faintly  yellow,  microscopic 
hairs  which  appear  brownish  under  the  microscope.  When  rapidly 
heated  to  230°  and  then  slowly,  it  turns  yellow  at  about  235°  and 
melts  with  decomposition  at  238-40°.  It  is  very  sparingly  soluble  in 
the  usual  solvents,  the  solution  in  hot  water  having  a  light  yellow 
color. 

0.1519  g.  subst.;  7.95  cc.  moist  N,  752  mm.,  21.3°. 

Calc.  for  C9H707N:  N,  5.81%.    Found:  N,  5.85%. 

The  position  of  the  nitro  group  was  determined  by  boiling  a  por- 
tion of  the  acid  for  one  hour  with  a  saturated  solution  of  hydrobromic 
acid  in  acetic  acid.  The  solution  was  evaporated  to  small  bulk,  taken 
up  with  water,  and  the  precipitate  twice  recrystaliized  from  water. 
In  its  properties  it  corresponded  exactly  with  5-nitrosalicylic  acid,  and 
its  identity  with  this  was  futher  shown  by  a  mixed  melting  point  with 
a  sample  prepared  by  nitration  of  salicylic  acid,  no  depression  being 
caused. 

4-Nitro-6-carbethoxyphenoxyacetic  Ethyl  Ester. — 3.4  g.  of  the  above 
acid  were  suspended  in  13.6  g.  absolute  alcohol  and  boiled  3.5-4 
hours  under  a  reflux  condenser  after  adding  6.8  g.  of  concentrated  sul- 
furic acid.  The  ester  crystallized  on  cooling  and  was  filtered  off.  Re- 
crystallized  from  95%  alcohol  it  forms  delicate,  glistening,  unctuous 
needles,  which  melt  at  75-6°  (cor.).  It  is  sparingly  soluble  in  the 
cold  in  95%  alcohol  or  ligroin,  somewhat  more  soluble  in  absolute 
alcohol,  and  easily  in  the  other  organic  solvents. 

Kjeldahl:  0.3121  g.  subst.;  9.6  cc.  0.1  JVHC1. 

Calc.  for  C13H1507N:  N,  4.71%.     Found:  X,4.31%. 

4- Amino-6-carboxyphenoxy acetic  Acid. — This  was  obtained  by  re- 
duction of  the  nitro  acid  or  nitro  ester  in  alcoholic  solution  with  tin 
and  hydrochloric  acid,  the  usual  manipulations  being  followed.     The 
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amino  acid  was  liberated  from  the  hydrochloride  in  the  usual  way 
and  purified  by  solution  in  dilute  hydrochloric  acid,  precipitation 
with  sodium  acetate,  and  then  dissolving  in  dilute  sodium  hydroxide 
and  precipitating  with  acetic  acid.  The  substance  forms  pale  brown 
aggregates  of  plates  which  decompose  slightly,  but  do  not  melt  below 
280°.  It  is  very  difficultly  soluble  in  the  usual  neutral  solvents  and, 
in  aqueous  suspension,  gives  a  light  red-brown  color  with  ferric 
chloride. 

0.1617  g.  subst.;  8.8  cc.  N,  755  mm.,  22.0°. 

Calc.forC9H9OsN.H20:  N,6.11%.     Found:  N,6.09%. 

The  Ethyl  Ester  Hydrochloride. — One  part  of  the  amino  acid  hydro- 
chloride, 2  parts  of  concentrated  sulfuric  acid,  and  4  parts  of  absolute 
alcohol  were  heated  under  a  reflux  condenser  for  about  3.5  hours. 
Water  and  ice  were  then  added  and  the  solution  made  alkaline  to 
phenolphthalein  and  immediately  extracted  with  ether.  The  extract 
was  dried  over  sodium  sulfate,  evaporated  to  dryness,  and  the  residue 
taken  up  in  absolute  alcohol  saturated  with  hydrochloric  acid,  pre- 
cipitating the  ester  salt.  After  addition  of  dry  ether  the  salt  was 
filtered  off.  Recrystallized  from  absolute  alcohol,  it  forms  aggregates 
of  delicate  needles  which  soften  at  about  140°,  become  transparent  at 
146°,  and  are  completely  molten  at  156-7°.  The  salt  is  slowly,  al- 
though freely  soluble  in  water,  the  solution  giving  a  yellow  brown 
color,  darkening  to  red-brown,  with  ferric  chloride. 

0.2701  g.  subst.;  16.45  cc.  AgX03  Soln.1 
ale.  for  CuH17OsN.HCl:  CI,  11.68%.     Found:  CI,  11.33%. 

The  Ethyl  Ester. — The  ester  was  obtained  from  the  hydrochloride 
as  an  oil  which  solidified  in  the  ice  box.  It  was  recrystallized 
twice  from  absolute  alcohol  with  the  aid  of  a  freezing  mixture,  form- 
ing slightly  brownish  crystals,  which  melted  at  74-6°  (cor.)  with 
preliminary  softening  and  dissolved  less  readily  in  ligroin  and  ether 
than  in  the*  other  usual  organic  solvents. 

0.2002  g.  subst.;  9.6  cc.  N,  763  mm.,  26.0°. 
Calc.forC13H,-0,\:  X,  5.24%.     Found:  N,  5.32%. 

1  1  cc.  =  0.00186  g.  CI. 
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(14)  4- Amino-6-acetophenoxy acetic  Acid. 

4-Acetamino-6-acetophenoxyacetic  Acid. — 22  g.  2-hydroxy-5-acetam- 
inoacetophenone,  10.7  g.  chloroacetic  acid,  18.5  g.  sodium  hydroxide, 
and  200  cc.  water  were  boiled  down  to  small  bulk  in  an  open  flask, 
repeating  the  process  with  one-half  the  amounts  of  chloroacetic  acid, 
alkali,  and  water.  After  diluting  and  acidifying  with  acetic  acid  the 
mixture  was  allowed  to  stand  overnight.  A  small  amount  of  un- 
changed hydroxyacetaminoacetophenone  was  filtered  off  and  the 
new  acid  precipitated  from  the  filtrate  by  the  addition  of  hydrochloric 
acid.  The  yield  was  23.6  g.  Recrystallized  twice  from  acetic  acid, 
the  substance  forms  faintly  greenish  gray,  woolly  masses  of  delicate 
needles  which  are  soluble  in  hot  95%  alcohol  or  acetic  acid  and  only 
sparingly  soluble  in  hot  water.  When  rapidly  heated  to  220°  and 
then  slowly  the  acid  softens,  then  melts  to  a  brown  liquid  and  evolves 
gas  at  223-6°.  It  dissolves  in  concentrated  sulfuric  acid  with  an 
olive-yellow  color. 

Kjeldahl:  0.3374  g.  subst.;  13.40  cc.  0.1  N  HC1. 
Calc.  for  C,2H1305N:  N,  5.58%.     Found:  N,  5.56%. 

4- Amino-6-acetophenoxy acetic  Acid. — The  acetamirio  acid  was  hy- 
drolyzed  by  heating  with  1 :  1  hydrochloric  acid.  The  amino  acid 
hydrochloride  separated  on  cooling.  A  portion  of  this  was  dissolved 
in  warm  water  and  converted  into  the  free  acid  by  adding  sodium 
acetate.  Recrystallized  from  water,  it  forms  long,  pale  brown,  glisten- 
ing needles,  which  contain  between  1  and  1.5  molecules  of  water  of 
crystallization.  When  anhydrous  and  rapidly  heated,  it  darkens 
above  125°  and  gradually  softens  to  a  tar  which  decomposes  at  about 
145°.  The  acid  is  soluble  in  hot  water  or  hot  absolute  alcohol,  and, 
in  aqueous  suspension,  gives  a  slowly-developing  purple  color  with 
ferric  chloride.  The  diazonium  solution  couples  with  R-salt  to  give 
a  deeper  red  color  than  the  shades  given  by  most  of  the  other  amino- 
phenoxyacetic  acids. 

0.9402  g.  subst.,  air-dry,  lost  0.0860  g.  H20,  9.15%.     Calc:  1  H20,  7.93%;    1.5 
H20,  11.44%. 

Recrystd.:  0.3551  g.  subst.,  air-dry,  lost 0.0359 g.     H20, 10.11%. 
Kjeldahl:  0.3107  g.  subst.,  anhydrous;  15.0  cc.  0.1  N  HC1. 
Calc.  for  C10H11O4N:  N,  6.70%.     Found:  N,  6.76%. 
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4-Amino-6-acetophenoxy acetic  Methyl  Ester  Hydrochloride. — This 
substance  was  prepared  from  the  crude  amino  acid  hydrochloride  as 
in  numerous  preceding  examples.  Separation  of  the  salt  from  the 
reaction  mixture  was  completed  by  the  addition  of  dry  ether.  Re- 
crystallized  from  absolute  alcohol  containing  a  drop  of  concentrated 
hydrochloric  acid,  the  hydrochloride  forms  nacreous,  diamond-shaped 
plates  which  dissolve  readily  in  water,  less  easily  in  absolute  alcohol. 
When  rapidly  heated  to  190°  and  then  slowly  it  darkens  above  this 
point  and  melts  with  decomposition  at  204-7°. 

0.3090g.  subst.;  0.1681  g.  AgCl. 

Calc.  for  CnH1304X.HCl:  CI,  13.67%.    Found:  CI,  13.46%. 

The  Methyl  Ester. — The  free  base  was  obtained  by  the  action  of 
sodium  carbonate  on  an  aqueous  solution  of  the  salt.  Recrystallized 
from  95^  alcohol,  the  ester  forms  flat,  pale  yellow  needles,  which 
melt  at  141-2.5°  (cor.)  with  slight  preliminary  softening.  It  is  spar- 
ingly soluble  in  the  cold  in  alcohol  or  benzene,  soluble  in  acetone. 
An  aqueous  suspension  gives  a  slowly-developing  wine-red  color  with 
ferric  chloride. 

Kjeldahl:  0.2988  g.  subst.;  13.35  cc.  0.1  N  HC1. 
Calc.  for  CiiH„0<N:  N,6.28%.     Found:  N,6.26%. 

(15)  Amino-o-phenylenedi-[oxyacetic  Acid]. 

Nitro-o-phenylenedi-[oxyacetic  Acid]. — 40  g.  o-phenylenedioxyacetic 
acid  were  added  in  portions  to  160  cc.  of  concentrated  nitric  acid, 
keeping  the  temperature  at  about  25°.  The  phenoxyacetic  acid  slowly 
dissolved.  After  letting  stand  for  about  two  hours  the  solution  was 
poured  into  a  large  volume  of  water.  The  precipitated  nitro  acid 
was  recrystallized  from  water,  separating  in  a  yield  of  40.5  g.  Recrys- 
tallized again  from  water,  then  from  acetic  acid,  it  forms  practically 
colorless  aggregates  of  minute  crystals  which  melt  at  181-3°  (cor.) 
with  preliminary  softening.  The  acid  separates  from  water  with  one 
molecule  of  water  of  crystallization  and  is  sparingly  soluble  in  the  cold 
in  the  usual  solvents. 

2.4361  g.  subst.;  0.1552  g.  loss.     H20,  6.37%.     1  H20,  6.23%. 
Anhydrous:  0.2053  g.  subst.;  10.15  cc.  X,  752  mm.,  20.4°. 
Calc.  for  C10H9O,X:  X.5.17%.     Found:  N,  5.56%. 
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In  attempts  to  fix  the  position  of  the  nitro  group  the  acid  was  boiled 
1.5  hours  with  a  saturated  solution  of  hydrobromic  acid  in  acetic  acid, 
but  was  recovered  unchanged.  When  heated  in  a  sealed  tube  at 
155-65°  most  of  the  substance  was  carbonized,  only  a  small  amount  of 
a  soluble  hydrobromide  being  recovered.  It  seems  reasonable  to  sup- 
pose, however,  that  the  nitro  group  is  in  Position  4. 

Amino-o-phenylenedi-[oxyacetic  Acid], — The  nitro  acid  was  reduced 
in  hot  alcoholic  solution  with  tin  and  concentrated  hydrochloric  acid 
until  a  test  portion  remained  clear  on  diluting  with  water.  The 
amino  acid  hydrochloride  was  isolated  in  the  usual  way  and  con- 
verted into  the  free  acid  by  dissolving  in  water  and  adding  sodium 
acetate.  The  acid  separated  on  scratching,  17  g.  being  obtained 
from  40.5  g.  of  the  nitro  acid.  Purified  by  dissolving  in  dilute  hydro- 
chloric acid  and  reprecipitating  with  sodium  acetate  the  substance 
forms  grayish  microcrystals  which,  when  rapidly  heated,  darken 
above  240°  and  decompose  at  243-5°.  It  is  sparingly  soluble  in  the 
usual  neutral  solvents,  and,  in  aqueous  suspension,  gives  a  violet 
color  with  ferric  chloride. 

Kjeldahl:  0.3209  g.  subst.;  13.15  cc.  0.1  JV  HC1. 
Calc.  for  GoHnOeN:  N,  5.81%.     Found:  N,  5.74%. 

(D)  Amino phenoxy acetic  Acids  with  Condensed  Nuclei. 

(1)  4- Amino-1-naphthoxy acetic  Acid. 

4-Acetamino-l-naphthoxyacetic  Acid. — 4-Acetamino-l-naphthol  was 
prepared  from  the  aminonaphthol  hydrochloride  by  the  action  of 
acetic  anhydride  in  aqueous  solution,  followed  by  sodium  acetate,  as 
in  previous  examples.  When  boiled  in  aqueous  solution  with  chloro- 
acetic  acid  and  sodium  hydroxide,  repeating  the  treatment  with  one- 
half  the  original  amounts,  it  gave  a  practically  quantitative  yield  of 
the  acetaminonaphthoxyacetic  acid.  Recrystallized  twice  from  acetic 
acid,  the  substance  formed  practically  colorless  aggregates  of  spears 
which  softened  above  225°  and  melted  at  233-4°.  The  acid  is  very 
difficultly  soluble  in  the  cold  in  the  usual  solvents,  dissolving,  however, 
in  hot  acetic  acid  or  absolute  alcohol,  and  slightly  in  hot  acetone. 

Kjeldahl:  0.3081  g.  subst.;  11.70  cc.  0.1  N  HC1. 
Calc.  for  C14H13O4N:  N,  5.41%.     Found:  N,  5.32%. 
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4- Amino- 1-naphthoxy  acetic  Acid. — The  amino  acid  was  obtained  by 
boiling  the  acetamino  compound  with  1 :  1  hydrochloric  acid  as  in 
previous  examples  and  liberating  the  free  acid  from  the  salt  by  means 
of  sodium  acetate.  Recrystallized  from  boiling  amyl  acetate,  in  which 
it  is  less  sparingly  soluble  than  in  the  other  neutral  solvents,  the 
amino  acid  forms  radiating  masses  of  minute  needles  which  turn 
purple  above  215°  and  melt  with  decomposition  at  220-4°.  In  aque- 
ous suspension  it  gives  a  blue  color  with  ferric  chloride,  and,  in  sodium 
carbonate  solution,  couples  readily  with  benzenediazonium  chloride, 
yielding  a  red  precipitate.  On  adding  sodium  nitrite  to  a  solution  of 
the  amino  acid  in  dilute  hydrochloric  acid  a  blue  color  is  produced 
owing  to  partial  oxidation,  but  the  diazonium  solution  formed  couples 
readily  with  R-salt  to  give  a  purple  color. 

Kjeldahl:  0.2946  g.  subst.;  13.40  cc.  0.1  N  HC1. 
Calc.  for  Ci2Hn03N:  N,  6.45%.     Found:  N,  6.37%. 

OCH2C02H 


(2)  8 -Amino-5-quinolyloxy  acetic  Acid, 

8- A  cetam ino-5-hydroxyquinoline . — 8-Amino-5-hydroxyquinoline  sul- 
fate was  prepared  by  the  method  of  electrolytic  reduction  worked  out 
by  Gattermann.1  The  salt  was  suspended  in  10  parts  of  water, 
treated  with  1.1  mols  of  acetic  anhydride,  and  rapidly  turbined  while 
adding  strong  sodium  acetate  solution.  The  salt  quickly  dissolved 
and  the  acetyl  derivative  separated  in  shining,  greenish  leaflets. 
In  order  to  saponify  any  diacetyl  compound  that  may  have  been 
formed  sodium  hydroxide  was  added  to  the  mixture  in  slight  excess, 
stirring  until  solution  was  complete.  After  reprecipitating  the  acetyl 
derivative  with  acetic  acid,  the  mixture  was  cooled  and  the  product 
filtered  off  and  washed  with  water.  The  yield  was  practically  quan- 
titative. Recrystallized  twice  from  85%  alcohol,  the  substance  forms 
practically  colorless  leaflets  that  turn  green  on  exposure  to  light  and 
air.  It  decomposes  partially  above  190°,  melting  to  a  turbid,  brown 
liquid  at  221-3°  and  clearing  completely  at  227°.     It  is  sparingly 

1  Gattermann,  Bcr.,  27,  1940  (1894) 
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soluble  in  the  cold  in  water  or  acetic  acid,  and  very  difficultly  so  in 
acetone  or  benzene.  It  dissolves  with  difficulty  in  dilute  hydro- 
chloric acid  with  an  orange  color,  in  dilute  sodium  hydroxide  with  an 
olive  color.  An  aqueous  suspension  gives  a  deep  olive  color  with 
ferric  chloride. 

0.1348  g.  subst.;  16.2  cc.  N,  767  mm.,  25.0°. 

Calc.  for  C1H10O2N2:  N,  13.87%.    Found:  N,  13.89%. 

8-Acetamino-5-quinolyloxy acetic  Acid. — The  acetaminohydroxyquin- 
oline  was  condensed  with  chloroacetic  acid  in  the  same  way  as  the 
preceding  naphthyl  compound.  The  new  acid  was  isolated  by  adding 
concentrated  hydrochloric  acid  to  the  reaction  mixture,  precipitating 
the  hydrochloride  as  a  thick  mass  of  glistening  needles.  The  mixture 
was  cooled  in  ice- water  and  filtered,  washing  the  salt  with  saturated 
sodium  chloride  solution.  The  product  was  then  dissolved  in  water 
and  treated  with  sodium  acetate  until  neutral  to  Congo  red.  The 
yield  of  free  acid  obtained  in  this  way  from  30.3  g.  of  the  acetamino- 
hydroxyquinoline  was  32  g.  The  acid  separates  from  boiling  water 
as  brownish,  glistening  leaflets  containing  about  one  molecule  of  water 
of  crystallization.  When  rapidly  heated  it  decomposes  slightly 
and  softens,  finally  melting  with  gas  evolution  at  255°.  It  dissolves 
in  dilute  hydrochloric  acid  or  sodium  hydroxide  to  give  pale  greenish 
yellow  solutions. 

1.0257  g.  subst.;  0.0750  g.  loss.    H20,  7.31%.     1H20,6.47%. 
Anhydrous:  0.1031  g.  subst.;  9.7  cc.  N,  751  mm.,  21.0°. 
Calc.  for  Ci3Hi204N2:  N,  10.77%.     Found:  N,  10.80%. 

8- Atnino-5-quinolyloxy  acetic  Acid. — The  acetamino  acid  was  hydro- 
lyzed  as  in  previous  cases,  the  amino  acid  hydrochloride  separating 
on  chilling.  A  further  quantity  was  obtained  by  concentrating  the 
filtrate  in  vacuo .  When  dissolved  in  water  and  neutralized  with  sodium 
acetate  the  salt  yielded  the  free  acid,  20  g.  being  obtained  from  25  g. 
of  the  acetamino  compound.  A  portion  of  the  hydrochloride  was 
recrystallized  from  10%  hydrochloric  acid  and  the  free  acid  liberated 
from  this  and  recrystallized  by  dissolving  in  warm,  very  dilute  hydro- 
chloric acid  and  again  adding  sodium  acetate  solution.  It  forms 
brown,  glistening  crystals  which  soften  above  190°  when  rapidly  heated 
and  melt  and  decompose  at  about  225°.     When  slowly  heated  the 
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acid  gradually  softens  above  190°  to  a  tar  which  does  not  melt  com- 
pletely below  275°.  It  is  readily  diazotized,  giving  a  purple  color 
with  R-salt,  and,  in  aqueous  suspension,  gives  a  deep  red-brown  color 
with  ferrid  chloride. 

0.1028  g.  subst.;  11.0  cc.  N,  747  mm.,  17.5°. 

Calc.  for  CuHioCNi:  X,  12.84%.     Found:  N,  12.36%. 

NH2 

(J)  5 -Amino-8-quinolyloxy  acetic  Acid,  I       i        | 

H02CCH20  N 

5-A  mino-8-hydroxyquinoline  Dihydrochloride . — Lippmann  and 
Fleissner1  reduced  5-nitroso-8-hydroxyquinoline  hydrochloride  with 
stannous  chloride  and  hydrochloric  acid,  converting  the  amino  hy- 
drochloride into  the  free  base.  The  nitroso  compound  may  be  very 
conveniently  reduced  by  dissolving  in  ammonia  and  passing  in  hydro- 
gen sulfide.  70  g.  5-nitroso-8-hydroxyquinoline  hydrochloride  were 
dissolved  as  well  as  possible  in  1050  cc.  of  dilute  ammonia  (one  part  of 
concentrated  to  1 .5  parts  or  water)  and  the  solution  saturated  with 
hydrogen  sulfide.  The  precipitate  of  amino  compound  was  filtered 
off,  washed  with  water,  suspended  in  a  little  water,  treated  with  a 
slight  excess  of  hydrochloric  acid,  and  shaken  until  the  base  had  dis- 
solved. The  solution  was  then  filtered  from  the  residue  of  sulfur 
and  the  dihydrochloride  precipitated  by  the  addition  of  concentrated 
hydrochloric  acid  or  by  passing  in  a  stream  of  hydrochloric  acid  gas 
until  saturated.  After  filtering  off  the  first  crop  of  crystals  a  further 
quantity  was  obtained  by  concentrating  the  filtrate  to  small  bulk  in 
vacuo.  The  total  yield  was  40  g.  Recrystallized  from  10%  hydro- 
chloric acid  solution  it  forms  crusts  of  brown  plates  which  do  not 
melt  sharply  when  heated,  but  gradually  soften  and  decompose, 
markedly  at  about  245°,  but  not  melting  completely  below  280°. 
The  salt  dissolved  in  dilute  hydrochloric  acid  with  a  yellow  color,  in 
water  with  an  orange-red  color,  and  in  dilute  sodium  hydroxide  with 
an  olive  color.  The  aqueous  solution  turns  brown  on  adding  ferric 
chloride. 

1  Lippmann  and  Fleissner.  Monatsh.,  10,  796  (1889). 
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Carius:  0.1171  g.  subst;  0.1414  g.  AgCl. 

Calc.  for  C9H80N2.2HC1:  CI,  30.41%.     Found:  CI,  29.88%. 

5-Acetamino-8-hydroxyquinoline. — 38  g.  of  the  above  dihydrochlor- 
ide  were  dissolved  in  200  cc.  water,  treated  with  25  cc.  acetic  anhy- 
dride, and  then,  with  vigorous  turbining,  with  an  excess  of  sodium 
acetate.  The  reaction  occurred  at  once,  forming  a  dark-colored  solu- 
tion. The  acetamino  compound  was  precipitated  from  this  by  add- 
ing an  excess  of  ammonia,  separating  gradually  as  greenish  gray, 
lenticular  plates.  After  recrystallizing  from  water  the  yield  was  18.5 
g.  Recrystallized  first  from  water,  using  bone-black,  then  from  95% 
alcohol,  the  substance  forms  almost  colorless  prisms  which  melt  at 
221-2°  (cor.)  with  preliminary  softening.  It  is  insoluble  in  benzene, 
acetone,  cold  95%  alcohol  or  water,  and  dissolves  in  acetic  acid  with 
an  orange-yellow  color,  in  dilute  alkalies  and  acids  with  a  greenish 
yellow  color,  and  in  aqueous  suspension  gives  a  deep  blue-green  colora- 
tion with  ferric  chloride. 

0. 1381  g.  subst.;  16.8  cc.  N,  763  mm.,  26.0°. 

Calc.  for  C,,Hio02N2:  N,  13.87%.     Found:  N,  13.94%. 

5-Acetamino-8-quinolyloxy  acetic  Acid. — 17g.  5-acetamino-8-hydroxy- 
quinoline,  8  g.  chloroacetic  acid,  13.5  g.  50%  aqueous  sodium  hy- 
droxide, and  about  170  cc.  water  were  slowly  boiled  down  to  small 
volume.  One-half  of  the  above  quantities  of  chloroacetic  acid,  alkali, 
and  water  were  then  added  and  the  solution  again  boiled  down  to 
small  bulk.  The  resulting  liquid  was  diluted  with  water  and  acidified 
faintly  to  Congo  red  with  hydrochloric  acid,  the  acetaminoquinolyloxy- 
acetic  acid  separating  on  chilling  as  a  voluminous  mass  of  long,  thin, 
yellow  needles.  On  concentrating  the  filtrate  a  further  crop  was  ob- 
tained, the  total  yield  being  19.7  g.  As  isolated  in  this  manner,  the 
acid  was  sufficiently  pure  for  conversion  into  the  amino  compound  as 
decribed  below,  but  could  not  be  freed  from  its  content  of  hydrochloric 
acid  by  simple  recrystallization,  even  in  the  presence  of  sodium  acetate. 
An  analytically  pure  specimen  was  finally  obtained  as  follows:  A  portion 
of  the  crude  acid  was  dissolved  in  dilute  sodium  hydroxide  and  the 
solution  treated  with  a  slight  excess  of  acetic  acid.  A  product  sepa- 
rated in  which  halogen  still  persisted.  This  was  therefore  dissolved 
in  hot  water,  rapidly  cooled,  and  treated  with  about  one-half  volume 
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of  10%  aqueous  nitric  acid.  5-Acetamino-8-quinolyloxyacetic  acid 
nitrate  soon  separated  in  voluminous  masses  of  yellow  hairs.  The 
salt  was  filtered  off  and  dried  in  vacuo  at  room  temperature  over  sul- 
furic acid,  after  which  it  darkened  and  softened  at  150-5°  and  decom- 
posed at  225-30°.     It  is  soluble  in  water  or  hot  95%  alcohol. 

0.1052  g.subst.;  11.85  cc.  X,  765  mm.,  24.5°. 

Calc.  for  CuH^No.HXC^:  N,  13.00%.     Found:  N,  13.02%. 

The  nitrate  was  dissolved  in  a  little  hot  water  and  the  solution 
treated  with  an  excess  of  sodium  acetate.  On  standing  in  the  ice  box 
the  free  acid  gradually  separated  as  orange  prisms  and  rhombs  which 
were  halogen-free  and  contained  between  two  and  two  and  half 
molecules  of  water  of  crystallization.  On  drying  to  constant  weight 
at  100°  in  vacuo  over  sulfuric  acid  the  substance  lost  its  water  and 
became  straw-colored.  When  rapidly  heated  to  250°,  then  slowly,  it 
softened  and  then  melted  with  decomposition  at  253-5°.  The  anhy- 
drous acid  is  almost  insoluble  in  dry  acetone  or  absolute  alcohol, 
and  turns  bright  yellow  under  water,  dissolving  somewhat  sparingly 
on  heating. 

Air-dry:  0.3392  g.  lost  0.0467  g.     H20,  13.77%.     Calc:  2  H20,  12.17%;  2.5  H20, 
14.76%. 

Anhydrous:  0.1468  g.  subst.;  14.2  cc.  N,  756  mm.,  27.5°. 
Calc.  for  C13H1204N2:  N,  10.77%.     Found:  N,  10.93%. 

The  Acid  Dihydrochloride. — The  crude  acetamino  acid  was  hydro- 
lyzed  by  boiling  with  5  parts  of  1 :  1  hydrochloric  acid  for  2  hours. 
Most  of  the  amino  acid  salt  separated  on  cooling  and  scratching,  a 
further  quantity  being  obtained  by  concentrating  the  filtrate  in  vacuo. 
Recrystallized  from  a  small  volume  of  10%  aqueous  hydrochloric 
acid,  the  salt  formed  long,  narrow,  brownish  plates  which  turned 
slightly  reddish  in  color  when  dried  to  constant  weight  in  vacuo  at 
room  temperature  over  sulfuric  acid.  When  rapidly  heated  to  150°, 
then  slowly,  the  salt  first  reddens,  then  gradually  softens,  sinters, 
and  darkens  above  155°,  and  melts  with  gas  evolution  to  a  bright  red 
mass  at  160-2°.  It  is  readily  diazotized,  coupling  with  R-salt  to 
give  a  dark  purplish  red  color.  It  dissolves  in  water  with  an  orange- 
red  color,  changing  to  deep  red  on  adding  ferric  chloride.  The  solu- 
tion of  the  salt  in  dilute  hydrochloric  acid  is  brownish  yellow,  while  in 


240  NITRO-   AND    AMINOPHENOXYACETIC   ACEDS 

dilute  sodium  hydroxide  the  color  is  pale  yellow.  When  moistened 
with  water  the  salt  turns  a  deep  brown-red,  giving  a  solution  of  the 
same  color  on  adding  sodium  acetate.  The  solution  then  gradually 
deposits  a  network  of  dark  brown-red  needles  which  dissolve  very 
easily  in  water  and  probably  consist  of  the  free  acid  or  its  sodium 
salt. 

0.1102  g.  subst;  0.1080  g.  AgCl. 

Calc.forCiiH10O3N2.2HCl:  CI,  24.35%.     Found:  CI,  24.25%. 

The  Methyl  Ester. — 14  g.  of  the  crude  hydrochloride  were  suspended 
in  140  cc.  dry  methyl  alcohol  and  esterified  by  the  action  of  dry  hydro- 
chloric acid  gas.  Separation  of  the  ester  dihydrochloride  was  com- 
pleted by  adding  an  equal  volume  of  dry  ether,  the  yield  being  14  g. 
The  salt  forms  slightly  pinkish,  glistening  platelets  which  slowly  lose 
hydrochloric  acid  and  turn  red  on  exposure  to  moist  air.  It  dissolves 
in  water  with  a  red  color  which  changes  to  brownish  yellow  on  adding 
hydrochloric  acid.  The  free  ester  separated  from  an  aqueous  solution 
of  the  salt  on  adding  sodium  carbonate  and  was  recrystallized  from 
95%  alcohol,  forming  lemon-yellow  rhombs  and  flat  needles  which 
melted,  with  slight  preliminary  softening,  at  176-7°  (cor.).  It  is 
sparingly  soluble  in  benzene  or  cold  95%  alcohol  but  dissolves  in 
acetone.  An  acetic  acid  solution  of  the  ester  has  a  red  color,  while 
an  aqueous  suspension  gives  an  orange  color  with  ferric  chloride.  It 
readily  diazotized,  coupling  with  R-salt  to  form  a  dark  red  dye. 

0.1171  g.  subst.;  11.45  cc.  N,  766  mm.,  18.0°. 

Calc.  for  Ci2H1203N2:  N,  12.07%.     Found:  N,  11.57%. 

(E)  Amino phenoxybutyric  Acids. 

(1)   o-Amino-y-phenoxybuiyric  Acid,  0-H2NC6H4OCH2CH2CH2CO2H. 

o-A  cetaminophenoxy  propyl  Bromide  {o-A  cetaminophenyl-y-bromo- 
propyl  Ether,  o-CH3CONHC6HiOCH2CH2CH2Br.—34:  g.  o-acetamino- 
phenol  were  dissolved  in  130  cc.  alcohol  and  boiled  on  the  water  bath 
for  2.5  to  3  hours  with  18  g.  50%  sodium  hydroxide  solution  and  350  g. 
trimethylene  bromide.  The  alcohol  and  the  excess  of  trimethylene  bro- 
mide were  then  distilled  off  with  steam.  The  mixture  was  cooled, 
made  alkaline,  and  the  residual  heavy  oil  removed  from  the  aqueous 
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solution  by  shaking  out  with  chloroform.  The  extract  was  dried  and 
concentrated,  and  the  oily  residue  taken  up  in  alcohol.  On  scratching, 
a  small  amount  of  the  propylene  ether  of  0-acetaminophenol  separated 
(see  below).  The  amount  of  propylene  ether  formed  is  much  larger 
if  a  smaller  excess  of  trimethylene  bromide  is  used.  The  filtrate  from 
the  propylene  ether  was  concentrated  and  the  residue  treated  with 
ligroin  and  chilled.  The  acetaminophexoxypropyl  bromide  crystal- 
lized on  rubbing  and  was  filtered  off,  washed  with  ligroin,  and  sucked 
dry.  The  yield  was  30  g.  A  portion  was  purified  for  analysis  by 
dissolving  in  a  small  volume  of  absolute  alcohol  bone-blacking,  and 
filtering  from  a  slight  residue.  The  nitrate  was  diluted  with  water, 
giving  an  oily  product  which  solidified  when  seeded.  This  was  dried 
and  recrystallized  from  a  small  volume  of  absolute  alcohol  with  the 
aid  of  a  freezing  mixture .  The  bromide  forms  snowy,  felted  needles 
which  soften  above  60°  and  melt  at  62-2.5°  (cor.).  It  is  readily 
soluble  at  room  temperature  in  the  usual  organic  solvents  with  the 
exception  of  ligroin. 

0.1357  g.  subst.;  6.3  cc.  N,  762  mm.,  25.5°. 

Calc.  for  CnHuOzNBr:  N,  5.15%.     Found:  N,  5.16%. 

Propylene  bis-  {o-Acetamino phenyl)  Ether,  o-CH3COXHC6niOCn2 
CHtCHoOCtHiNHCOCHz.— The  alcohol-insoluble  product  obtained 
in  the  preparation  of  the  acetaminophenoxypropyl  bromide  was  re- 
crystallized  twice  from  acetic  acid,  forming  rosets  of  prismatic  needles 
which  soften  at  192.5°  and  melt  at  193.5-4.5°  (cor.).  The  ether  is 
sparingly  soluble  in  the  cold  in  the  usual  solvents,  but  is  quite  soluble 
in  boiling  alcohol  or  chloroform,  and  readily  so  in  boiling  acetic  acid. 

Kjeldahl:  0.3050  g.  subst.;  17.65  cc.  0.1  .V  HC1. 
Calc.  for  CioHaOAV  X,  8.19%.     Found:  N,  8.11%. 

o-Acetamino  phenoxy  propyl  Cyanide  {o-Acetamino phenyl-y-cyano pro- 
pyl Ether,  o-Acetamino  phcnoxybutyronitrile). — 40  g.  of  the  crude  bro- 
mide were  dissolved  in  200  cc.  of  absolute  alcohol  and  heated  to  boil- 
ing on  the  water  bath.  To  the  boiling  solution  was  added,  drop  by 
drop,  a  solution  of  12  g.  potassium  cyanide  in  25  cc.  water.  After  4 
hours'  boiling  most  of  the  alcohol  was  evaporated  off  and  the  residue 
treated  with  water.     An  oil  separated,  which  soon  crystallized.     The 
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substance  was  filtered  off,  washed  with  water,  and  taken  up  in  a  small 
volume  of  hot  alcohol.  On  chilling,  the  solution  set  to  a  thick,  crys- 
talline mass,  which  was  filtered  off  and  washed  with  alcohol  and 
ether.  20  g.  of  the  cyanide  were  obtained  in  the  main  fraction,  and 
a  further  quantity  on  concentrating  the  alcoholic  filtrate  and  wash- 
ings. Recrystallized  from  toluene,  the  nitrile  forms  thick,  pale 
cream-colored,  diamond-shaped  plates  which  soften  at  88°  and  melt 
at  89-90°  (cor.).  It  is  sparingly  soluble  in  the  cold  in  toluene  or 
absolute  alcohol  and  dissolves  very  readily  in  chloroform. 

Kjeldahl:  0.2041  g.  subst.;  18.6  cc.  0.1  N  HC1. 

Calc.  for  CisHmQsNi:  N,  12.84%.     Found:  X,  12.77%. 

o-Amino-y-phenoxybutyric  Acid  Hydrochloride. — 15  g.  0-acetamino- 
phenoxypropyl  cyanide  were  boiled  for  2  hours  with  75  cc.  1 :  1  hydro- 
chloric acid.  The  amino  acid  hydrochloride  separated  as  a  thick 
mass  on  cooling.  This  was  filtered  off  and  washed  first  with  a  little 
1 :  1  hydrochloric  acid,  then  with  dry  acetone.  The  yield  of  salt  was 
12  g.  A  portion  was  recrystallized  by  dissolving  in  the  minimum 
amount  of  cold  absolute  alcohol,  adding  dry  ether  until  just  turbid, 
and  seeding  with  a  crystal.  It  separates  in  radiating  masses  of  flat, 
pointed  needles  which  melt  at  180-2°  with  slight  preliminary  soften- 
ing. The  aqueous  solution  gives  a  slowly  developing  purple  color  with 
ferric  chloride. 

0.1596  g.  subst.;  12.69  cc.  AgN03  soln.1 

Calc.  for  doHnOaN.HCl:  CI,   15.32%.     Found:  CI,  14.79%. 

o-Amino-y-phenoxybutyric  Acid. — A  portion  of  the  hydrochloride 
was  dissolved  in  a  small  amount  of  water  and  the  free  acid  precipi- 
tated as  a  gum  by  the  addition  of  sodium  acetate  solution.  The  mix- 
ture was  then  shaken  with  benzene  until  this  had  taken  up  all  of  the 
acid.  The  benzene  was  dried  over  sodium  sulfate  and  concentrated 
to  small  bulk,  whereupon  the  amino  acid  gradually  crystallized  on 
rubbing  and  letting  stand.  It  was  purified  by  dissolving  in  hot 
benzene,  carefully  adding  petroleum  ether  until  a  small  fraction  con- 
taining the  colored  impurities  had  separated,  adding  bone-black,  filter- 
ing, and  precipitating  the  remainder  with  petroleum  ether  as  an  al- 

1  1  cc.  =  0.00186  g.  CI. 
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most  colorless  oil  which  solidified  to  a  mass  of  microscopic  platelets 
on  seeding  and  rubbing.  The  acid  melts  at  54-7°,  with  preliminary 
softening,  to  a  liquid  containing  bubbles.  It  dissolves  with  difficulty 
in  the  cold  in  ligroin  or  carbon  tetrachloride,  more  easily  in  toluene 
or  water,  and  readily  in  the  other  usual  neutral  organic  solvents. 
An  aqueous  solution  gives  a  slowly  developing  lilac  color  with  ferric 
chloride.  The  acid  is  readily  diazotized,  coupling  with  R-salt  to 
give  a  deep  red  dye-. 

0.1007  g.  subst.;  6.6  cc.  N,  751  mm.,  22.5°. 

Calc.  for  Ci0H,3O3N:  X,  7.18%.     Found:  N,  7.48%. 

o- Amino  phenoxybutyric  Methyl  Ester.- — 15  g.of  the  amino  acid  hydro- 
chloride in  130  cc.  of  dry  methyl  alcohol  were  saturated  with  dry 
hydrochloric  acid  gas  and  allowed  to  stand  for  24  hours.  The  clear 
solution  was  concentrated  to  dryness  in  vacuo  and  the  residue  taken 
up  in  water.  On  adding  sodium  carbonate  solution  the  ester  sepa- 
rated as  an  oil  which  rapidly  solidified.  The  yield  was  10  g.  Recrys- 
tallized  from  ligroin  it  forms  rectangular  platelets  which  melt  con- 
stantly at  45-5.5°  with  slight  preliminary  softening.  It  is  readily 
soluble  in  the  usual  organic  solvents  with  the  exception  of  ligroin. 

Kjeldahl:  0.3601  g.  subst.;  16.8  cc.  0.1  N  HC1. 
Calc.  for  C11H15O3N:  N,  6.70%.     Found:  X,  6.54%. 

(2)  p-Amino-y-phenoxybutyric  Acid. 

p-Acetaminophenoxy  propyl  Bromide  {p-Acetaminophenyl-y-bromo- 
propyl  Ether. — This  substance  was  prepared  from  ^-acetaminophenol 
in  the  same  way  as  the  ortho  isomer.  After  the  steam  distillation  the 
residue  crystallized  on  standing  overnight,  giving  a  yield  of  crude  prod- 
uct equal  to  the  weight  of  acetaminophenol  used.  Recrystallized 
successively  from  -95%  alcohol,  toluene  and  absolute  alcohol,  the 
bromide  forms  slightly  brownish  plates  which  soften  above  129°  and 
melt  at  133-5°.  It  is  soluble  in  the  cold  in  acetone  or  chloroform  and 
sparingly  so  in  alcohol,  toluene,  or  ether. 

Kjeldahl:  0.3393  g.  subst.;  12.7  cc.  0.1  N  HC1. 

Calc.  for  CuHiiChNBr:  X,  5.15%.     Found:  X,  5.24% 
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p-A  cetaminophenoxy propyl  Cyanide  {p-A  cetaminophenyl-y-cyano pro- 
pyl Ether,  p-Acetaminophenoxybutyronitrile). — The  cyanide  was  pre- 
pared as  in  the  case  of  the  ortho  isomer,  the  yield  from  27.3  g.  of  the 
bromide  being  19.5  g.  Recrystallized  from  absolute  alcohol,  it  melts 
at  98-100°  with  preliminary  softening.  It  dissolves  readily  in  alcohol 
or  acetic  acid,  difficultly  in  benzene. 

Kjeldahl:  0.2957  g.  subst.;  27.0  cc.  0.1  N  HC1. 

Calc.  for  CisHhOsN*:  N,  12.84%.     Found:  N,  12.79%. 

p-Amino-y-phenoxybutyric  Acid  Hydrochloride. — After  saponifica- 
tion of  the  nitrile  the  reaction  mixture  was  cooled  to  0°  and  the  salt 
filtered  off.  10  g.  of  the  nitrile  yielded  6.3  g.  of  the  hydrochloride. 
Recrystallized  twice  from  1 :  1  hydrochloric  acid,  using  bone-black, 
it  forms  flat,  grayish  prisms  which  darken  above  180°  and  melt  at 
191-4°  to  a  brown  liquid.  It  is  sparingly  soluble  in  the  cold  in  abso- 
lute alcohol  and,  in  aqueous  solution,  gives  a  deep  violet  color  with 
ferric  chloride. 

0.1828  g.  subst.;  0.1125  g.  AgCl. 

Calc.  for  C10Hi3O3N.HCl:  CI,  15.32%.     Found:  N,  15.22%. 

p-Amino-y-phenoxybutyric  Acid. — The  free  acid  crystallized  from  an 
aqueous  solution  of  the  salt  on  adding  sodium  acetate  solution.  Re- 
crystallized from  a  small  volume  of  water,  using  bone-black,  the  acid 
forms  lustrous,  slightly  brownish  scales  which  melt  at  145.5-6°  (cor.) 
to  a  brown  liquid.  It  is  sparingly  soluble  in  cold  alcohol  and  in  hot 
benzene.  The  amino  acid  is  readily  diazotized,  coupling  with  R-salt 
to  give  a  deeper  red  dye  than  is  formed  from  the  simple  aminophenoxy- 
acetic  acids. 

Kjeldahl:  0.3215  g.  subst.;  16.45  cc.  0.1  N  HC1. 
Calc.  for  C10H13O3N:  N,  7.18%.     Found:  N,  7.17%. 


[Reprinted  from  the  Journal  of  the  American  Chemical  Society,  November,  1917, 
Vol.  xxxix,  Xo.  11,  pp   2418-2443.] 
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The  material  for  the  present  paper  comprises  a  number  of  substances 
which  figured  as  intermediates  in  an  investigation,  the  results  of  which 
we  hope  soon  to  publish.  The  compounds  discussed  are  amides  and 
ureides  of  certain  purely  aromatic  acids,  amides  and  ureides  of  m-  and 
^-aminophenylacetic  acids,  amides  and  ureides  of  derivatives  of  vari- 
ous aminophenoxyacetic  acids,  ureas  in  which  the  amide  function  is 
also  present  in  the  molecule,  several  sulfonamide  derivatives,  and 
one  or  two  aromatic  ureas  containing  less  easily  classified  side  chains. 

EXPERIMENTAL. 

(.4)  Amides  Containing  the  Aromatic  Nucleus. 

(I)  Amides  of  Substituted  Benzoic  Acids. 

o-A  minobenzamide  } 
o-Chloroacetylaminobenzamide? 
m-Aminobenzamide  .3 
m-Chloroacetyla  minobenza  m  ide  .4 
p-A  minobenzamide.5 
p-Chloroacetylam  inobenza  m  ide  .6 

1  This  Journal,  39,  1437  (1917). 

2  Ibid.,  39,  1442  (1917). 

3  Ibid.,  39,  1438  (1917).  • 
*Ibid.,  39,  1442  (1917). 

5  Ibid.,  39,  1436  (1917),  paragraph  2. 

6  Ibid.,  39,  1443  (1917). 
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5  -A  minosalicylamide  (3  -  amino  -6-  hydroxybenzamide) . — This  sub- 
stance was  first  prepared  by  reducing  w-nitrobenzamide  according  to 
Gattermann's  electrolytic  method.1  20  g.  of  the  nitro  amide  were  re- 
duced in  150  g.  sulfuric  acid  and  then  diluted  with  ice  until  the  volume 
was  doubled.  The  sulfate  of  the  aminosalicylamide  gradually  sepa- 
rated on  rubbing  and  was  filtered  off  on  alundum.  The  product  was 
dissolved  in  water  and  treated  with  enough  barium  chloride  solution 
to  precipitate  the  sulfuric  acid.  After  filtering  the  solution  was  con- 
centrated to  small  bulk  in  vacuo,  the  hydrochloride  crystallizing  on 
cooling.  The  salt  was  filtered  off  and  washed  with  acetone.  The 
yield  was  11.5  g.  A  portion  of  the  salt  was  dissolved  in  water  and 
the  free  base  liberated  by  adding  ammonia  in  slight  excess  and  scratch- 
ing until  crystallization  started.  Recrystallized  from  water  contain- 
ing a  little  ammonia  the  amide  forms  almost  colorless,  silky  needles 
which  are  difficult  to  obtain  free  from  color,  owing  to  the  tendency 
of  the  base  to  oxidize  in  solution.  When  rapidly  heated  to  190°  and 
then  slowly  it  melts  at  194-7°  with  decomposition.  It  is  sparingly 
soluble  in  the  cold  in  water  or  absolute  alcohol,  readily  in  both  on 
heating.  It  dissolves  in  acetone  but  is  practically  insoluble  in  ben- 
zene. An  aqueous  suspension  of  the  amide  gives  a  deep  brown  color 
with  ferric  chloride. 

Kjeldahl:  0.1519  g.  subst.;  19.75  cc.  0.1  N  HC1. 

Calc.  for  C7H802N2:  N,  18.43%.     Found:  N,  18.21%. 

In  later  preparations  of  the  amide  it  was  found  more  satisfactory, 
both  from  the  standpoint  of  convenience  and  yield,  to  use  5-amino- 
salicylic  methyl  ester  as  the  starting  point.  63  g.  of  the  ester  were 
heated  in  an  autoclave  at  110°  for  6  hours  with  130  cc.  of  concentrated 
aqueous  ammonia.  The  ammonia  was  distilled  off  in  vacuo  and  the 
residue  recrystallized  from  water,  decolorizing  with  bone-black.  The 
amide  was  obtained  in  this  way  in  a  yield  of  45  g.  and  showed  all  of 
the  properties  given  above. 

5-Chloroacetylaminosalicylamide. — The  aminoamide  was  chloroacety- 
lated  by  dissolving  in  a  mixture  of  5  parts  of  saturated  sodium  acetate 
solution  and  5  parts  of  acetic  acid  and  adding  1 .5  mols  of  chloroacetyl 

1  Gattermann,  Ber.,  27,  1927  (1894). 
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chloride,  drop  by  drop,  with  stirring  and  cooling.1  The  resulting 
solution  was  concentrated  to  dryness  in  vacuo,  taken  up  in  water,  fil- 
tered off,  and  recrystallized  from  50%  alcohol,  using  bone-black.  The 
yield  was  excellent.  Recrystallized  again,  with  bone-blacking,  from 
85%  alcohol  the  substance  forms  aggregates  of  minute,  slightly  pur- 
plish platelets  which  melt  at  225-7°  to  a  dark  liquid  which  slowly 
evolves  gas.  It  is  soluble  in  hot  acetone  or  boiling  water,  and  is 
quite  soluble  in  alcohol  at  room  temperature.  An  aqueous  suspension 
gives  a  violet  color  with  ferric  chloride. 

Kjeldahl:  0.1670  g.  subst.;  14.60  cc.  0.1  N  HC1. 
Calc.forC9Hs03X2Cl:  X,  12.26%.     Found:  N,  12.25%. 

m- Amino phenylacetic  Methyl  Ester  Hydrochloride. — 56  g.  «z-amino- 
phenylacetic  acid2  were  treated  with  500  cc.  of  dry  methyl  alcohol 
and  saturated  with  dry  hydrochloric  acid  gas.  The  resulting  solution 
was  concentrated  to  dryness  in  vacuo,  taken  up  in  a  small  quantity  of 
dry  methyl  alcohol,  and  precipitated  with  dry  ether.  After  standing 
in  the  ice  box  the  salt  was  filtered  off  and  washed  with  dry  ether. 
The  yield  was  60  g.  A  portion  was  recrystallized  by  dissolving  in 
cold  absolute  alcohol,  bone-blacking,  filtering,  and  adding  dry  ether. 
It  separated  as  long,  thin,  glistening  plates  which  dissolve  readily  in 
the  cold  in  methyl  or  ethyl  alcohol.  When  rapidly  heated  to  160° 
and  then  slowly  the  salt  softens  and  melts  at  167-70°  with  slow  gas 
evolution.  It  is  readily  diazotized,  giving  a  scarlet  color  with  R-salt. 
An  aqueous  solution,  treated  with  sodium  carbonate,  gave  the  free 
ester  as  an  oil  which  did  not  solidify . 

0.1955  g.  subst.;  0.1385  g.  AgCl. 

Calc.  for  C9HU02X.HC1:  CI,  17.59%.     Found:  CI,  17.53%. 

m-Aminophcnyldcetamide,  m-H^NC^HiCHnCONHo. — 55  g.  of  the 
above  hydrochloride  were  dissolved  in  200  cc.  of  cold,  concentrated, 
aqueous  ammonia  and  let  stand,  with  occasional  shaking,  for  24  hours. 
The  amide  which  had  separated  was  filtered  off,  washed  with  a  little 
water,  and  dried.  The  yield  was  36  g.  A  portion  was  recrystallized 
from  water,  decolorizing  with  bone-black,  and  adding  a  drop  of 

1  Cf.  This  Journal,  39,  1439  (1917). 

2  Ibid.,  39,  1437(1917). 
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aqueous  ammonia  to  the  filtered  solution.  The  amide  separates 
slowly  as  transparent  prisms  which  are  anhydrous.  Recrystallized 
again  from  95%  alcohol  it  forms  leaflets  which  melt  at  164-6° (cor.) 
with  preliminary  softening.  It  is  readily  soluble  in  boiling  water, 
less  easily  in  boiling  95%  alcohol  and  sparingly  so  in  acetone  or  ethyl 
acetate.     The  amide  is  readily  diazotized. 

Kjeldahl:  0.1402  g.  subst.;  18.65  cc.  0.1  A7  HC1. 

Calc.  for  C8HioON2:  N,  18.67%.     Found:  X,  18.63%. 

m-Chloroacetylaminophenylacetamide. — 10  g.of  the  crude  amide  were 
chloroacetylated  in  a  mixture  of  50  cc.  acetic  acid  and  50  cc.  of  satu- 
rated sodium  acetate  solution.  The  acyl  derivative  separated  from 
the  reaction  mixture  on  scratching.  After  recrystallization  from  50% 
alcohol  the  yield  was  6  g.  The  substance  forms  prismatic  needles 
which  melt  with  slight  preliminary  softening  at  187-8°  to  a  pale  brown 
liquid.  The  compound  is  readily  soluble  in  boiling  acetic  acid,  less 
easily  in  boiling  water  or  50%  alcohol,  and  almost  insoluble  in 
chloroform. 

Kjeldahl:  0.1451  g.  subst.;  12.9  cc.  0.1  N  HC1. 

Calc.  for  C10H11O2N2CI:  N,  12.37%.     Found:  N,  12.45% 

p-Aminophenylacetamide.1 
p-Chloroacetylaminophenylacetamide.1 

(3)  Derivatives  of  the  Amino  phenoxyacetamides . 

In  a  first  attempt  to  prepare  o-chloroacetylaminophenoxyacetamide, 
0-CICH2COXHC6H4OCH2COXH2,  0-nitrophenoxyacetamide  was  re- 
duced by  the  ferrous  sulfate  and  ammonia  method2  with  the  expecta- 
tion of  obtaining  o-aminophenoxyacetamide.  The  only  produde  iso- 
lated, however,  was  0-aminophenoxyacetic  anhydride,3  which  was 
formed  by  the  elimination  of  ammonia  from  the  intermediate  o-ami- 
nophenoxyacetamide.  The  desired  chloroacetyl  compound  was  fin- 
ally obtained  by  the  series  of  reactions  outlined  below,  a  description 
of  o-nitrophenoxyacetamide  being  given  first. 

1  This  Journal,  39,  1444  (1917). 

2  Ibid.,  39,  1435  (1917). 
s  Ibid.,  39,2190  (1917). 
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o-Nitrophenoxyacetamide,  o-OiNC^H^OCH^CONHo. — 47  g.  0-nitro- 
phenoxyacetic  acid1  were  dissolved  in  300  cc.  of  dry  methyl  alcohol  and 
saturated  with  hydrochloric  acid  gas.  The  resulting  methyl  ester 
was  dissolved  in  ether  and  the  solution  shaken  with  concentrated 
aqueous  ammonia.  The  amide  rapidly  crystallized  out  and  was  fil- 
tered off  and  washed  with  water.  The  yield  was  18  g.  Recrystal- 
lized  from  water  it  forms  long,  glistening  needles  which  melt  at  194.5- 
5.5°  (cor.).  The  amide  is  only  sparingly  soluble  in  hot  water,  95% 
alcohol,  or  acetone.  When  boiled  with  dilute  sodium  hydroxide  it  is 
easily  hydrolyzed. 

Kjeldahl:  0.2180  g.  subst.;  22.30  cc.  0.1  Ar  HC1. 

Calc.  for  C8H8O4X2:  N,  14.29%.     Found:  N,  14.33%. 

o-Chloroacetylaminophenoxyacetic  A cid,  o-ClCHoCOXHC&HiOCHo- 
C02H. — 6  g.  potassium  0-aminophenoxyacetate  were  dissolved  in  120 
cc.  5%  aqueous  sodium  hydroxide  solution,  turbined,  and  treated, 
drop  by  drop,  with  4.5  cc.  chloroacetyl  chloride.  At  the  end  the 
solution  was  acidified  with  acetic  acid,  when  it  remained  clear,  show- 
ing the  absence  of  unchanged  0-aminophenoxyacetic  anhydride  (the 
free  o-aminophenoxyacetic  acid  does  not  exist  under  ordinary  condi- 
tions). On  acidifying  to  Congo  red  with  hydrochloric  acid  the 
o-chloroacetylaminophenoxyacetic  acid  separated.  The  yield  was  5  g. 
It  crystallizes  from  50%  acetic  acid  with  2  molecules  of  water  of 
crystallization  which  are  lost  on  heating  in  vacuo,  finally  at  110°. 
The  air-dried  substance  melts  partially  and  effervesces  when  rapidly 
heated  to  about  100°,  while  the  anhydrous  compound  melts  at  144.5- 
5.5°  (cor.)  with  slight  preliminary  softening.  The  acid  dissolves  read- 
ily in  acetone,  less  easily  in  chloroform,  and  very  difficultly  in  benzene. 

Airdry:  0.9989  g.  subst.;  0.1350  g.  loss.     H20,  13.52%.     Calc.  for  2  H20:  H20,  12.88%. 
Anhydrous:  Kjeldahl:  0.3088  g.  subst.;  12.70  cc.  0.1  AT  HC1. 
Calc.  for  C10H10O4XCI:  X,  5.75%.     Found:  X,  5.76%. 

o-Chloroacetylaminophcnoxyacetyl  C/doride,  ClCHzCONHCfHsOCHt- 

COCl. — 23  g.  phosphorus  pentachloride  were  added  to  a  suspension  of 

0-chloroacetylaminophenoxyacetic  acid  in  50  cc.  benzene.     As 

the  reaction  proceeded  hydrochloric  acid  was  evolved  and  the  acid 

1  This  Journal,  39,  2191  (1917). 
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went  into  solution.  At  the  end  ligroin  was  added  until  the  precipita- 
tion of  the  chloride  was  complete.  The  product  was  filtered  off 
and  washed  with  ligroin.  The  yield  was  19  g.  Recrystallized  from 
ligroin  the  chloride  forms  colorless  plates  which  melt  at  52-9°  with 
preliminary  softening  and  dissolve  readily  in  the  usual  organic  solvents 
with  the  exception  of  ligroin. 

Kjeldahl:  0.2025 g.  subst.;  7.80  cc.  0.1  N  HC1. 

Calc.  for  C10H9O3NCI2:  N,  5.35%.     Found:  X,  5.39%. 

o-Chloroacetylaminophenoxyacetamide. — 18  g.  of  the  chloride  were 
dissolved  in  chloroform,  chilled,  and  treated  with  contentrated  aque- 
ous ammonia.  The  amide,  which  separated  at  once,  was  more  com- 
pletely thrown  out  by  the  addition  of  petroleum  ether  and  was  filtered 
off  and  washed  with  water.  Recrystallized  from  water  it  forms  needles 
which  melt  constantly  at  158-61°  with  preliminary  softening.  The 
substance  is  sparingly  soluble  in  cold  water  or  95%  alcohol,  readily  in 
hot,  and  also  dissolves  in  acetone  or  hot  chloroform.  It  gives  a 
strong  Beilstein  test. 

0.1485  g.  subst.;  14.6  cc.  N,  765  mm.,  19.0°. 

Calc.  for  CioHnOaNaCl:  X,  11.55%.     Found:  N,  11.57%. 

m-Aminophenoxyacetamide. — w-Aminophenoxyacetic  ethyl  ester  hy- 
drochloride1 was  dissolved  in  a  little  warm  water,  cooled,  and  shaken 
with  concentrated  aqueous  ammonia.  The  oily  ester  gradually  dis- 
solved on  shaking.  After  standing  overnight  the  solution  was  evap- 
orated to  small  bulk  and  cooled,  whereupon  the  amide  separated. 
This  was  filtered  off,  washed  with  a  little  water,  and  recrystallized, 
with  bone-blacking,  first  from  a  little  water,  then  from  a  small  amount 
of  95%  alcohol.  It  forms  delicate,  cream-colored  needles  which 
soften  above  118°,  melt  partially  at  about  119°,  and  are  completely 
fused  at  123.5-24°  (cor.).  The  amide  is  soluble  in  water,  alcohol, 
methyl  alcohol,  or  acetone,  and  almost  insoluble  in  benzene.  It  is 
readily  diazotized. 

Kjeldahl:  0.1782  g.  subst.;  21.55  cc.  0.1  -V  HC1. 

Calc.  for  C8H10O2N2:  N,  16.87%.     Found:  N,  16.94%. 

1  This  Journal,  39,  2192  (1917). 
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m-Chloroacetylaminophenoxyacetamide. — The  amide  was  chlorace- 
tylated  in  a  mixture  of  5  parts  of  acetic  acid  and  5  parts  of  saturated 
sodium  acetate  solution.  The  chloroacetyl  derivative  separated  from 
the  reaction  mixture  after  a  few  moments.  Recrystallized  from  acetic 
acid,  in  which  it  is  less  sparingly  soluble  at  the  boiling  point  than  in 
the  other  usual  solvents,  it  forms  radiating  masses  of  microscopic 
leaflets.  Rapidly  heated  to  230°,  then  slowly,  it  melts  at  235-8°  to  a 
clear  liquid  which  soon  darkens  and  decomposes. 

Kjeldahl:  0.1637  g.  subst.;  13.25  cc.  0.1  N  HC1. 

Calc.  for  CioHuOsNsCl:  N,  11.55%.    Found:  N,  11.33%. 

p-Aminophenoxyacetamide. — 40  g.  ^-aminophenoxyacetic  methyl 
ester  hydrochloride1  were  added  to  80  cc.  of  concentrated  aqueous 
ammonia,  with  cooling.  The  free  ester  separated  and  gradually  went 
into  solution  on  shaking.  The  amide  separated  on  scratching,  and 
after  standing  for  several  hours  was  filtered  off,  washed  with  a  little 
concentrated  aqueous  ammonia,  and  dried.  The  yield  was  28  g. 
The  amide  is  soluble  in  cold  water,  from  which  it  is  thrown  out  by 
alkalies.  It  separates  from  hot,  concentrated  aqueous  solutions  as 
glistening,  brownish  platelets.  It  is  sparingly  soluble  in  cold  ethyl 
acetate,  separating  from  the  hot  solution  as  cream-colored  prisms 
which  soften  at  125°  and  melt  at  127.5-8.5°.  It  is  difficultly  soluble 
in  benzene  or  chloroform,  readily  in  acetone.  An  aqueous  solution 
gives  a  slowly  developing  rose  color  with  ferric  chloride  and  is 
readily  diazotized,  yielding  a  scarlet  dye  with  R-salt. 

Kjeldahl:  0.1972  g.  subst.;  23.60  cc.  0.1  N  HC1. 
Calc.  for  C8H10O2N2:N,  -16.87%.     Found:  X,  16.77%. 

p-Chloroacetylaminoplicnoxyacetamide.- — 5  g.  of  the  amide  were 
chloroacetylatedas  in  previous  examples.  The  reaction  mixture  set  to 
a  'thick  mass.  The  yield  of  chloroacetyl  derivative  was  6.5  g.  A 
portion  was  recrystallized  first  from  50%  alcohol,  then  from  water, 
forming  practically  colorless  needles  which  melt  at  195-6.5°  (cor.) 
with  slight  preliminary  softening.    The  compound  is  sparingly  soluble 

1  This  Journal,  39,  2196  (1917). 
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in  absolute  alcohol  or  chloroform,  and  almost  insoluble  in  benzene  or 
cold  water. 

Kjeldahl:  0.1485  g,  subst.;  12.25  cc.  0.1  N  HC1. 

Calc.  for  CioHnC^NaCl:  N,  11.55%.     Found:  N,  11.56%. 

Hexamethylenetetraminium  Salt  of  p-Chloroacetylaminophenoxyacet- 
amide. — 4.5  g.  of  the  chloroacetyl  derivative  and  2. '3  g.  hexamethylene- 
tetramine  were  boiled  in  250  cc.  acetone  for  5  hours.  The  suspension 
of  chloroacetyl  compound  gradually  changed  into  a  heavy  precipitate 
consisting  of  prisms  and  plates.  The  product  was  filtered  off  and 
washed  with  dry  acetone.  The  yield  was  4.6  g.  The  salt  is  soluble  in 
cold  water,  but  very  sparingly  so  in  boiling  acetone,  absolute  alcohol, 
or  chloroform. 

0.1811  g.  subst.;  0.0664  g.  AgCl. 

Calc.  for  Ci«H»0,N6Cl:  CI,  9.27%.     Found:  CI,  9.07%. 

p-Nitrophenoxy acetyl  Chloride. — Equimolecular  amounts  of  ^>-nitro- 
phenoxyacetic  acid1  and  phosphorus  pentachloride  were  warmed  on 
the  steam  bath  until  evolution  of  hydrochloric  acid  had  ceased  and  a 
homogeneous  liquid  was  obtained.  Ligroin  was  then  added,  pre- 
cipitating the  />-nitrophenoxyacetyl  chloride  in  practically  quantita- 
tive yield.  A  portion  was  recrystallized  from  benzene,  forming  trans- 
parent, hexagonal  tablets  which  melt  at  86-7°  (cor.)  with  slight 
preliminary  softening.  The  chloride  is  soluble  in  ether  or  benzene 
and  reacts  slowly  in  the  cold  with  water  or  absolute  alcohol. 

0.2532  g.  subst.,  boiled  with  aq.  NH3;  0.1679  g.  AgCl. 
Calc.  for  C8H604N6C1:  CI,  16.45%.     Found:  CI,  16.40%. 

p-Nitrophenoxyacetmethylamide,  p-02NCeHiOCH2CONHCH3. — 22  g. 
/>-nitrophenoxyacetyl  chloride  in  dry  chloroform  were  poured  into  a 
well  chilled  solution  of  an  equimolecular  amount  (8  g.)  of  methylamine 
hydrochloride  in  100  cc.  of  10%  aqueous  sodium  hydroxide.  On  shak- 
ing, the  amide  crystallized  out  at  once,  and  was  filtered  off  and  washed 
with  water.  The  yield  was  19  g.  The  amide  dissolves  in  boiling 
water  with  a  pale  yellow  color  and  separates  from  the  cooled  solution 
in  brilliant  needles.     Recrystallized  again  from  toluene  it  melts  at 

1  Cf.  This  Journal,  39, 1437  (1917). 
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165.6°  (cor.)  with  preliminary  softening.     It  is  rather  difficultly  solu- 
ble in  hot  absolute  alcohol  or  toluene,  more  easily  in  hot  water. 

Kjeldahl:  0.1775  g.  subst.;  16.80  cc.  0.1  N  HC1. 

Calc.  for  C9H10O4X2:  N,  13.33%.     Found:  N,  13.26%. 

p- Amino pltenoxyacetmethylamide. — 5  g.  of  the  nitroamide  wereadded 
in  small  portions  to  a  solution  of  25  g.  stannous  chloride  in  50  cc.  of 
concentrated  hydrochloric  acid  immersed  in  a  freezing  mixture.  The 
resulting  crystalline  precipitate  was  filtered  off  and  dissolved  in  an 
excess  of  well-chilled  10%  sodium  hydroxide  solution.  The  amino- 
amide  was  extracted  from  the  solution  by  shaking  out  with  ethyl  ace- 
tate. This  was  dried,  concentrated  to  small  bulk,  and  the  amide 
precipitated  by  the  addition  of  petroleum  ether.  The  yield  was  2.7  g. 
Recrystallized  twice  from  toluene,  it  forms  glistening,  cream-colored 
needles  which  melt  at  109.5-11°  (cor.)  with  slight  preliminary  soft- 
ening. The  amide  is  easily  soluble  in  water,  alcohol,  or  acetone, 
difficultly  in  cold  toluene.  It  is  readily  diazotized.  An  aqueous  solu- 
tion gives  a  slowly  developing  violet  rose  color  with  ferric  chloride. 

Kjeldahl:  0.1539  g.  subst.;  17.05  cc.  0.1  A7  HC1. 

Calc.  for  C9H1202N2:  N,  15.56%.     Found:  N,  15.52%. 

2-Methyl-4-aminophenoxyacetamide. — 5  g.  of  2-methyl-4-aminophen- 
oxyacetic  methyl  ester  hydrochloride1  were  treated  with  an  excess  of 
concentrated  aqueous  ammonia.  The  lumpy  mass  was  ground  up  in 
a  mortar  and  allowed  to  stand  for  several  hours,  setting  to  a  solid 
cake.  This  was  disintegrated,  filtered,  and  washed  with  a  little 
water.  Recrystallized  first  from  water,  then  from  95%  alcohol,  the 
amide  forms  long, flat,  glistening  needles  which  soften  at  155°  and  melt 
at  155.5-56°  (cor.).  It  is  sparingly  soluble  in  cold  water  or  95%  alcohol, 
readily  on  boiling,  and  dissolves  also  in  acetone  or  methyl  alcohol. 
When  diazotized,  it  yields  a  deep  red  color  with  R-salt.  An  aqueous 
solution  gives  a  brown  coloration  with  ferric  chloride,  changing 
through  purple  to  violet. 

Kjeldahl:  0.1602  g.  subst.;  17.90  cc.  0.1  N  HCl. 

Calc.  for  C9H1202X2:  N,  15.56%.     Found:  N,  15.65%. 

1  This  Journal,  39,  2199  (1917). 
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3-Methyl-4-aminophenoxyacetamide. — 2  g.  3-methyl-4-aminophen- 
oxyacetic  ethyl  ester  hydrochloride1  were  treated  with  an  excess  of 
concentrated  aqueous  ammonia  and  allowed  to  stand  two  days,  with 
occasional  stirring.  The  oily  ester  was  gradually  converted  into  the 
crystalline  amide.  This  was  filtered  off  and  recrystallized  twice  from 
water,  forming  faintly  pinkish,  radiating  masses  of  long,  fine  hairs 
which  melt  at  136-7°  with  slight  preliminary  softening  and  slight  gas 
evolution.  The  amide  is  readily  soluble  in  85%  alcohol  or  acetone, 
less  easily  in  water  or  chloroform,  and  sparingly  in  benzene.  It  is  easily 
diazotized,  giving  a  red  color  with  R-salt,  and,  in  aqueous  solution, 
yields  a  brown  color  with  ferric  chloride,  rapidly  changing  to  purple. 

Kjeldahl:  0.1502  g.  subst.;  16.60  cc.  0.1  N  HC1. 

Calc.  for  C9Hi202N2:  N,  15.56%.     Found:  N,  15.48%. 

2,5-Dimethyl-4-aminophenoxyacetamide. — 3  g.  2 ,5-dimethyl-4-amino- 
phenoxyacetic  methyl  ester  hydrochloride2  were  suspended  in  alcohol 
and  an  excess  of  concentrated  aqueous  ammonia  added.  The  amide 
separated  from  the  clear  solution  on  standing  overnight.  The  mix- 
ture was  concentrated  to  remove  the  alcohol  and  the  amide  then  fil- 
tered off  and  recrystallized  first  from  water,  then  from  95%  alcohol. 
It  forms  delicate,  silky  needles  which  soften  above  151.5°  and  melt  at 
153-4°  (cor.).  It  is  sparingly  soluble  in  the  cold  in  water,  chloro- 
form, or  benzene,  readily  on  warming,  and  is  more  soluble  in  the  cold 
in  95%  alcohol  or  acetone.  It  is  readily  diazotized,  giving  a  carmine 
color  with  R-salt,  and  in  aqueous  solution  yields  a  slowly  developing, 
deep  violet  color  with  ferric  chloride. 

Kjeldahl:  0.1551  g.  subst.;  15.85  cc.  0.1  N  HC1. 

Calc.  for  CioH1402N2:  N,  14.43% .     Found:  N,  14.32%. 

2-Methyl-4-amino-5-iso  pro  pylphenoxyacetamide. — 2  g.  2-methyl-4- 
amino-5-isopropylphenoxyacetic  methyl  ester  hydrochloride3  were  sus- 
pended in  alcohol  and  treated  with  an  excess  of  concentrated  aqueous 
ammonia.  After  2  days  the  clear  solution  was  concentrated  on  the 
water  bath  and  cooled  after  adding  a  few  drops  of  ammonia.     The 

1  This  Journal,  39,  2201  (1917). 

2  Ibid.,  39,  2205(1917). 

3  Ibid.,  39,  2206  (1917). 
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amide  which  separated  was  filtered  off,  dried,  and  recrystallized  by 
dissolving  in  hot  benzene,  decolorizing  with  bone-black,  adding  ligroin 
until  the  turbidity  first  formed  just  dissolved,  and  seeding.  1.2  g.  of 
the  amide  separated  slowly  in  the  form  of  aggregates  of  minute  prisms 
and  plates.  Recrystallized  again  from  water,  from  which  it  separates 
as  slightly  pinkish  rhombs,  then  from  toluene,  the  amide  forms  aggre- 
gates of  diamond-shaped  plates  which  melt  at  108-9°  (cor.)  and  are 
soluble  at  room  temperature  in  water  and  the  usual  organic  solvents 
except  ligroin.  A  diazotized  solution  of  the  amide  gives  a  deep  red 
color  with  R-salt,  while  an  aqueous  solution  gives  a  slowly  develop- 
ing violet-blue  with  ferric  chloride.  A  dilute  acetic  acid  solution 
gives  a  transitory  blue  color  with  sodium  nitrite. 

Kjeldahl:  0.1532  g.  subst.;  13.75  cc.  0.1  N  HC1. 

Calc.  for  GsHiiANa:  N,  12.62%.    Found:  N,  12.57%. 

3-Methyl-4-amino-6-isopro  pylphenoxyacetamide . — 3  g.  3-methyl-4- 
amino-6-isopropylphenoxyacetic  methyl  ester  hydrochloride1  were 
taken  up  in  alcohol  and  treated  with  an  excess  of  concentrated 
aqueous  ammonia,  enough  alcohol  being  present  to  prevent  separation 
of  the  oily  ester.  After  standing  overnight  the  solution  was  evapo- 
rated to  small  bulk  on  the  water  bath,  treated  with  a  few  drops  of 
ammonia,  cooled,  and  stirred,  whereupon  the  amide  crystallized.  It 
was  filtered  off  and  recrystallized,  first  from  water,  using  bone-black, 
then  from  toluene,  forming  pointed  leaflets  which  soften  at  124.5° 
and  melt  at  125-5.5°  (cor.).  It  is  sparingly  soluble  in  cold  water 
more  readily  in  hot,  melting  down  before  dissolving,  and  separating 
on  cooling  as  pinkish  needles.  It  is  readily  soluble  in  the  cold  in 
acetone,  alcohol,  or  chloroform;  difficultly  in  cold  benzene  or  toluene 
and  readily  on  warming.  An  aqueous  suspension  gives  a  gray  color 
with  ferric  chloride,  changing  through  purple  to  violet-blue.  When 
diazotized  the  amide  gives  a  carmine  color  with  R-salt. 

Kjeldahl:  0.1454  g.  subst.;  12.95  cc.  0.1  N  HC1. 

Calc.  for  C12H1802N2:  N,  12.62%.     Found:  X,  12.48%. 

2-Bromo-4-amino phenoxyacetamide . — 3  g.  2-bromo-4-aminophenoxy- 
acetic  methyl  ester  hydrochloride2  were  taken  up  in  alcohol  and  treated 

1  This  Journal,  39,  2207  (1917). 

2  Ibid..  39,  2209(1917). 


256  OX   AMIDES,   ETC.,   CONTAINING  AN   AROMATIC   NUCLEUS 

with  an  excess  of  concentrated  aqueous  ammonia.  After  two  days 
the  clear  solution  was  concentrated  on  the  water  b'ath  and  treated 
with  a  few  drops  of  ammonia.  The  amide  separated  and  was  filtered 
off  and  recrystallized  first  from  water,  using  bone-black,  then  from  a 
small  volume  of  95%  alcohol.  It  forms  radiating  masses  of  long,  flat, 
cream-colored  needles  which  melt  at  159-60°"  (corr.)  with  slight  pre- 
liminary softening.  It  is  soluble  in  acetone  or  boiling  water,  more 
readily  in  boiling  95%  alcohol,  and  sparingly  in  the  last  two  in  the 
cold.  The  amide  is  readily  diazotized  and,  in  aqueous  suspension, 
gives  a  slowly  developing  wine-red  color  with  ferric  chloride. 

Kjeldahl:  0.2649  g.  subst.;  21.70  cc.  0.1  N  HC1. 

Calc.  for  CgHcANjBr:  N,  11.43%.    Found:  N,  11.47%. 

4  -Amino  -6-  methoxyphenoxyacetamide. — 4  g.  4  -  amino  -  6  -  methoxy- 
phenoxyacetic  ethyl  ester  hydrochloride1  were  decomposed  with 
aqueous  ammonia,  On  standing  the  oily  ester  gradually  changed  to 
the  crystalline  amide.  This  was  filtered  from  the  deep  blue  solution 
and  recrystallized  first  from  water,  with  bone-blacking,  then  from 
95%  alcohol.  It  forms  almost  colorless,  glistening  needles  which 
melt  at  177.5-8.5°  (cor.)  with  preliminary  softening.  It  is  sparingly 
soluble  in  cold  water  or  95%.  alcohol,  readily  on  heating,  and  also 
dissolves  with  difficulty  in  acetone,  the  crystalline  form  changing  on 
heating  with  this  solvent.  When  diazotized  it  gives  a  purplish  red 
color  with  R-salt,  while  in  aqueous  solution  it  gives  a  brown  color 
with  ferric  chloride,  rapidly  changing  through  purple  to  brown-lilac. 

Kjeldahl:  0.1560  g.  subst.;  16.00  cc.  0.1  N  HC1. 

Calc.  for  C9Hi203N2:  N,  14.29%.    Found:  N,  14.37%. 

4  -  Amino  -  6-carbethoxyphenoxyacetamide. — 1 .8  g.  4  -  amino  -6-  carb- 
ethoxyphenoxyacetic  ethyl  ester  hydrochloride2  were  treated  with  an 
excess  of  concentrated  aqueous  ammonia.  The  oily  ester  gradually 
changed  to  the  crystalline  amide.  After  standing  overnight  the  amide 
was  filtered  off  and  recrystallized  twice  from  95%  alcohol,  forming 
minute  leaflets  which  melt  at  135-6°  (cor.)  with  preliminary  softening. 
It  is  difficultly  soluble  in  cold  water,  readily  on  boiling,  and  is  quite 

1  This  Journal,  39,  2212  (1917). 

2  Ibid.,  39,  2214  (1917). 
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soluble  in  alcohol  at  room  temperature,  less  easily  at  0°.  On  adding 
sodium  hydroxide  to  an  aqueous  solution  the  amide  is  salted  out,  but 
on  boiling  it  redissolves,  ammonia  is  evolved,  and  the  solution  gives  the 
iodoform  test,  thus  demonstrating  both  the  amide  and  ester  functions. 

Kjeldahl:  0.1917  g.  subst.;  15.65  cc.0.1  N  HC1. 

Calc.  for  C,iH1404N2:  N,  11.76%.    Found:  N,  11.43%. 

4-Amino-6-acetophenoxyacetamide. — 3  g.  4-amino-6-acetophenoxya- 
cetic  methyl  ester  hydrochloride1  were  treated  with  alcohol  and  con- 
centrated aqueous  ammonia,  using  sufficient  alcohol  to  keep  the  ester 
from  separating.  After  several  days  the  solution  was  concentrated 
on  the  water  bath,  adding  a  few  drops  of  ammonia  at  the  end.  The 
amide,  which  separated  on  cooling,  was  recrystallized,  first  from  a 
small  volume  of  water,  using  bone-black,  then  from  a  small  amount  of 
95%  alcohol.  It  forms  brownish  yellow  leaflets,  many  of  which  are 
diamond-shaped.  The  amide  melts  at  138-9°  with  preliminary  soft- 
ening and  slight  gas  evolution.  It  is  easily  soluble  in  boiling  water 
or  95%  alcohol,  sparingly  in  the  cold,  and  dissolves  in  dilute  hydro- 
chloric acid  without  color.  It  is  soluble  in  acetone,-  difficultly  in 
benzene.  An  aqueous  solution  gives  a  slowly  developing,  deep  brown 
color  with  ferric  chloride. 

Kjeldahl:  0.2539  g.  subst.;  24.20  cc.  0.1  JV  HC1. 

Calc.  for  C10H12O3N2:  N,  13.47%.    Found:  N,  13.36%. 

(4)  Derivatives  of  Aminobenzenesulfonamides. 

m-Aminobenzenesulfonamide  is  perhaps  most  easily  accessible 
through  the  reduction  of  the  nitro  compound.  As  we  were  in  the 
possession  of  a  considerable  quantity  of  metanilic  acid  we  decided  to 
attempt  the  preparation  with  this  as  starting  material.  The  reaction 
was  carried  out  in  the  following  steps:  metanilic  acid  — »  sodium  w-ace- 
taminobenzenesulfonate  — »  w-acetaminobenzenesulfone  chloride  — > 
w-acetaminobenzenesulfonamide  — »  w-aminobenzenesulfonamide. 
The  only  new  substance  isolated  in  a  state  of  purity  was  the  w-acet- 
aminobenzenesulfonamide. 

m-Acetaminobcnzenesulfonamideym-CHsCONHCsHiSOzNHi. — 129  g. 
metanilic  acid  were  acetylated  by  dissolving  in  750  cc.  of  normal  so- 

1  This  Journal,  39,  2215  (1917). 
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dium  hydroxide  solution  (1  mol),  adding  90  cc.  acetic  anhydride  (1.2 
mols),  and  shaking.  The  resulting  solution  was  concentrated  to  dry- 
ness in  vacuo  and  the  residue  of  sodium  w-acetaminobenzenesulfonate 
taken  up  in  acetone,  filtered  off,  and  dried  at  120°.  The  yield  of  crude 
salt  was  155  g.  50  g.  of  this  were  ground  up  in  a  mortar  with  50  g. 
phosphorus  pentachloride,  the  mass  liquefying,  evolving  hydrochloric 
acid,  and  finally  hardening  to  some  extent.  Ice-water  was  then  added, 
yielding  two  layers,  of  which  the  upper  was  decanted  and  the  lower 
layer  of  crude  chloride  washed  twice  more  with  ice-water  by  decanta- 
tion.  The  product  was  then  ground  up  with  50  cc.  of  aqueous  am- 
monia (d.  0.  94),  causing  gradual  crystallization  of  the  amide.  This 
was  filtered  off  and  washed  with  a  little  water.  The  yield  was  11.2  g. 
Recrystallized  first  from  50%  alcohol,  then  from  acetic  acid,  the  amide 
forms  minute  rhombs  which  melt  constantly  at  216-9°  with  slight 
preliminary  softening.  When  pure  the  amide  is  soluble  in  acetone  or 
hot  acetic  acid  and  sparingly  so  in  the  other  usual  solvents,  while  the 
crude  substance  is  considerably  more  soluble.  When  hydrolyzed 
with  1 :  1  hydrochloric  acid  it  yields  m-aminobenzenesulfonamide  in 
about  75%  of  the  theory  and  corresponding  in  its  properties  with 
those  recorded  in  the  literature. 

Kjeldahl:  0.1495  g.  subst.;  13.85  cc.  0.1  N  HC1. 

Calc.  for  C8Hi0O3N2S:  N,  13.08%.     Found:  N,  12.98%. 

m-Chloroacetylaminobenzenesulfonamide. — 18.8  g.  w-aminobenzene- 
sulfonamide  were  brought  into  solution  in  a  mixture  of  95  cc.  acetic 
acid  and  95  cc.  saturated  sodium  acetate  solution  by  warming  gently. 
The  solution  was  cooled  to  0°  and  treated,  drop  by  drop,  with  shaking 
and  cooling,  with  11.3  cc.  chloroacetyl  chloride.  The  chloroacetyl 
derivative  separated  on  scratching  and  was  filtered  off  and  combined 
with  an  additional  amount  obtained  by  concentrating  the  filtrate  in 
vacuo.  After  recrystallization  from  water  the  yield  was  24.5  g.  Re- 
crystallized,  with  bone-blacking,  from  95%  a  cohol  the  compound 
forms  aggregates  of  minute  needles  which  soften  slightly  when  heated, 
melt  incompletely  at  153-5°,  and  form  a  clear  melt  at  about  165°. 
It  dissolves  readily  in  boiling  water,  sparingly  in  the  cold,  is  almost 
insoluble  in  chloroform  or  benzene,  and  dissolves  in  acetone  or  95% 
alcohol  at  room  temperature. 
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Kjeldahl:  0.1540  g.  subst.;  12.25  cc.  0.1  N  HC1. 

Calc.  for  C8H903X2C1S:  N,  11.27%.    Found:  N,  11.14%. 

p-Chloroacetylaminobenzenesulfonamide.  —  />-Aminobenzenesulf  one- 
amide  was  prepared  essentially  as  directed  by  Gelmo,1  the  only  new- 
feature  being  the  acetylation  of  sodium  sulfanilate  as  given  above  in 
the  case  of  the  meta  isomer.  10  g.  of  the  amide  were  warmed  with  50 
cc.  50%  acetic  acid,  50  cc.  saturated  sodium  acetate  solution,  and  50 
cc.  acetic  acid  until  dissolved,  cooled  in  ice-water,  and  treated  in  the 
usual  way  with  6  cc.  chloroacetyl  chloride.  The  chloroacetyl  de- 
rivative separated  almost  immediately  and  was  filtered  off  and  washed 
well  with  50%  acetic  acid  and  water.  Recrystallized  from  95%  alco- 
hol it  forms  needles  which  melt  with  slight  preliminary  softening  at 
215-7°  to  a  clear  liquid  which  soon  darkens.  The  substance  is  soluble 
in  hot  water  or  95%  alcohol,  cold  ethyl  acetate  or  acetone,  and  dif- 
ficultly so  in  chloroform  or  benzene.  It  also  dissolves  in  sodium 
hydroxide  solution. 

Kjeldahl:  0.1433  g.  subst.;  11.55  cc.  0.1  X  HCL 
Carius:  0.1820 g.  subst.;  0.1037  g.  AgCl, 0.1733  g.  BaS04. 
Calc.  for  C8H903X2C1S:  X,  11.27%;  CI,  14.26%;  S,  12.90%. 
Found:  X,  11.29%;  CI,  14.09%;  S,  13.08%. 

(B)  Ureides  Containing  the  Aromatic  Nucleus. 
(1)  Ureides  of  Substituted  Benzoic  Acids. 

o-A  minobcnzoylurea  .- 

o-Chloroacetylaminobenzoylurea,  o-ClCHvCOXHCvHiCOXHCOXH*. 
— 10  g.  0-aminobenzoylurea  were  dissolved  by  warming  with  300  cc. 
50*  ,  acetic  acid,  25  cc.  saturated  sodium  acetate  solution,  and  25  cc. 
acetic  acid.  The  solution  was  rapidly  cooled  until  lukewarm  and 
treated  with  7  cc.  chloroacetyl  chloride.  The  chloroacetyl  derivative 
slowly  separated.  After  cooling  and  letting  stand  the  product  was 
filtered  off,  washed  with  2.5%  hydrochloric  acid  containing  a  little 
alcohol  to  remove  unchanged  amino  compound,  and  finally  washed 
with  water  and  dried.  The  yield  was  6.2  g.  Recrystallized  from 
50*  ,    alcohol  it  forms  long,  glistening  needles  which  are  difficultly 

1  Gelmo,  /.  prakt.  Chem.,  \2]  77,  369  (1907). 
■  This  Journal,  39,  1438  (1917). 
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soluble  in  water,  dilute  or  95%  alcohol,  and  acetone  at  their  boiling 
points.  When  rapidly  heated  to  220°,  then  slowly,  it  softens  slightly 
and  melts  with  effervescence  at  222-3°,  then  darkens  and  decom- 
poses. On  boiling  in  aqueous  solution  with  sodium  hydroxide,  am- 
monia is  evolved  and  the  resulting  solution  contains  chlorine  ion. 

0.1202  g.  subst.;  17.2  cc.  N,  760  mm.,  22.5°. 

Calc.  for  CioH1003N3Cl:  N,  16.44%.    Found:  N,  16.53%. 

m-A  minobenzoylurea.1 

m-Chloroacetylaminobenzoylurea. — 12  g.  w-aminobenzoylurea  were 
dissolved  in  a  mixture  of  150  cc.  50%  acetic  acid  and  150  cc.  acetone. 
20  g.  sodium  acetate  were  then  added,  followed  by  8  cc.  chloroacetyl 
chloride,  added  drop  by  drop,  with  vigorous  shaking.  The  chloro- 
acetyl derivative  separated  at  once  and  was  filtered  off  after  diluting  the 
mixture  with  water.  The  yield  was  14  g.  Recrystallized  from  water, 
it  forms  delicate  needles  which  are  difficultly  soluble  in  the  usual  sol- 
vents. When  rapidly  heated  to  250°,  then  slowly,  it  decomposes  at 
252-3°. 

0.1 122  g.  subst.;  16.0  cc.  N,  758  mm.,  20.5°. 

Calc.  for  CioHioOjN,C1:  N,  16.44%.     Found:  N,  16.55%. 

p-Nitrobenzoylurea,  p-OiNC^HiCONHCONH^.—AO  g.  ^-nitrobenzoyl 
chloride  and  30  g.  urea  were  boiled  in  100  cc.  benzene  on  the  water 
bath  for  several  hours.  After  cooling  the  mixture  was  treated  with 
water,  filtered,  washed  with  water  and  acetone,  and  dried.  The  yield 
was  38  g.  Recrystallized  from  acetic  acid,  it  forms  aggregates  of  mi- 
croscopic prisms  which  are  less  difficultly  soluble  in  acetic  acid  than 
in  the  other  usual  solvents.  When  rapidly  heated  to  240°,  then  slowly, 
it  melts  at  243-5°  with  gas  evolution  and  slight  preliminary  softening. 

0.0902  g.  subst.;  15.8  cc.  N,  767  mm.,  22.0°. 

Calc.  for  C8H704N3:  N,  20.10%.     Found:  N,  20.46%. 

p-Aminobenzoylurea. — 35  g.  of  the  finely  powdered  nitrobenzoylurea 
were  heated  on  the  water  bath  in  a  mixture  of  400  cc.  ammonium  sul- 
fide solution  and  100  cc.  alcohol,  with  frequent  shaking.  The  charac- 
ter of  the  precipitate  suddenly  changed,  indicating  that  reduction  had 

2  This  Journal,  39,  1439  (1917). 


W.    A.   JACOBS    AXD    M.    HEIDELBERGER  261 

taken  place.  After  one  hour's  heating  the  aminobenzoylurea  was 
filtered  off  and  washed  well  with  water.  The  yield  of  crude  product 
was  30  g.  For  analysis  a  portion  was  ground  up  with  dilute  sulfuric 
acid  and  treated  with  water  until  most  of  the  material  had  dissolved. 
The  solution  was  filtered  and  the  free  base  precipitated  with  am- 
monia. The  urea  was  filtered  off  and  washed  successively  with  water, 
alcohol,  and  benzene.  It  is  very  difficultly  soluble  in  the  usual  sol- 
vents, including  acids,  and  separates  from  boiling  water  as  minute, 
colorless  plates.  A  suspension  in  dilute  hydrochloric  acid  yields  a 
soluble  diazonium  salt  with  sodium  nitrite,  coupling  with  R-salt  to 
give  a  scarlet  color.  The  urea  decomposes  partly  at  about  240°  but 
does  not  melt  below  285°. 

Kjeldahl:  0.1113  g.  subst.;  18.50  cc.  0.1  A"  HC1. 
Calc.  for  C8H902X3:  N,  23.46%.     Found:  N,  23.29%. 

The  nitrobenzoylurea  may  also  be  reduced  by  the  ferrous  sulfate 
and  ammonia  method,1  adding  an  equal  volume  of  alcohol  to  the  mix- 
ture after  reducing  and  again  bringing  to  a  boil  before  filtering.  The 
yield  by  this  method,  however,  was  only  about  40%  of  the  theory. 

p-Chloroacetylaminobenzoylurea. — Owing  to  the  sparing  solubility  of 
/>-aminobenzoylurea  in  dilute  acetic  acid  the  chloroacetylation  is 
best  accomplished  by  the  procedure  used  by  us  for  chloroacetylating 
the  uramino  group.2 

10  g.  chloroacetic  acid  were  melted  on  the  water  bath  and  3  g. 
crude  />-aminobenzoylurea  added  to  the  melt.  To  the  suspension  so 
obtained  2.1  cc.  chloroacetyl  chloride  were  added,  causing  an  im- 
mediate reaction  marked  by  the  evolution  of  hydrochloric  acid  gas 
and  solidification  of  the  mixture.  An  additional  5  g.  chloroacetic 
acid  were  added  to  increase  the  fluidity  of  the  mixture,  the  lumpy  mass 
was  disintegrated  and  the  heating  continued  for  a  total  of  one-half 
hour.  Water  was  then  added  and  the  product  filtered  off  and  washed 
well  with  water.  The  yield  of  crude  product  was  4.6  g.  A  portion 
was  recrystallized  from  a  large  volume  of  hot  water,  forming  minute 
needles  and  prisms  which  dissolve  with  less  difficulty  in  boiling  acetic 
acid  than  in  the  other  usual  solvents.     When  rapidly  heated  to  275°, 

1  Loc.  cit. 

2  This  Journal,  39,  1446  (1917). 
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then  slowly,  the  urea  decomposes  at  275-80°  with  slight  preliminary 
softening. 

Kjeldahl:  0.1000  g.  subst.;  11.65  cc.  0.1  N  HC1. 

Calc.  for  CioHioOjNjCl:  N,  16.44%.     Found:  N,  16.32%. 

Salicylylurea  (o-hydroxybenzoylurea) ,  o-HOCtHiCONHCONH2. — 47 
g.  of  finely  powdered  urea  were  added  to  a  solution  of  75  g.  acetyl- 
salicylyl  chloride  in  280  cc.  benzene.  The  mixture  was  boiled  under 
a  reflux  condenser  for  6-8  hours  and  the  supernatant  liquid  poured 
off.  The  residue  was  ground  up  in  a  mortar  with  water,  filtered  off, 
and  thoroughly  washed  with  water.  The  crude  acetylsalicylyl  urea 
so  obtained  was  suspended  in  water,  turbined,  and  carefully  treated 
with  sodium  hydroxide  in  the  cold  so  that  the  reaction  of  the  mixture 
was  kept  just  alkaline  to  phenolphthalein.  When  permanent  alka- 
linity was  reached  the  solution  was  filtered  from  a  small  amount  of 
unchanged  material  and  acidified  with  acetic  acid.  The  pale  yellow 
precipitate  which  formed  was  filtered  off  and  recrystallized  from  50% 
alcohol,  giving  the  salicylylurea  in  a  yield  of  11.1  g.  as  pale  yellow 
microcrystals  which  melt  with  effervescence  at  184-6°.  In  50%  alco- 
hol it  gives  a  brown  color  with  ferric  chloride.  The  urea  is  very  dif- 
ficultly soluble  in  acetone  or  benzene,  sparingly  soluble  in  ethyl  ace- 
tate, hot  water,  or  methyl  and  ethyl  alcohols  in  the  cold,  and  soluble 
in  hot  methyl  or  ethyl  alcohol.  It  dissolves  in  dilute  ammonia,  yield- 
ing a  solution  which  couples  readily  with  diazotized  sulfanilic  acid. 

0.1113  g.  subst.;  15.0  cc.  N,  761  mm.,  21.5°. 

Calc. for C8H803N2:  N,  15.56%.    Found:  N,  15.64%. 

m(?)-Chloroacetylaminomethylbenzoylurea    (m-Carboxureidochloroace- 
CONHCONH2 


tylbenzylamine,  I  \CHoXHCOCH2Cl. — 16.4  g.  benzoylurea  were  dis- 
solved in  100  g.  sulfuric  acid  and  treated,  with  cooling,  with  12.3  g. 
methylolchloroacetamide,  the  procedure  being  that  of  Einhorn1  for 
introducing  the  CH2XHC0CH2C1  group  into  aromatic  compounds. 
After  standing  for  2  days  the  clear  solution  was  poured  onto  ice  and 
the  resulting  white  precipitate   filtered  off  and  washed  well  with 

1  Einhorn,  eta!.,  Ann.,  343,  207  (1905);  361,  113  (1908). 
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water.  In  order  to  remove  all  adherent  sulfuric  acid  the  product  was 
ground  up  in  a  mortar  with  sodium  acetate  solution  until  neutral  to 
Congo  red.  The  yield  was  20  g.  Recrystallized  from  acetic  acid 
it  forms  a  microcrystalline  powder  which  begins  to  darken  above 
190°,  softens  above  200°,  and  melts  at  about  225-8°  with  decomposi- 
tion. It  is  very  difficultly  soluble  in  the  usual  solvents  with  the  ex- 
ception of  boiling  acetic  acid.  On  boiling  with  dilute  sodium  hy- 
droxide ammonia  is  evolved  and  the  solution  contains  chlorine  ion. 
In  the  absence  of  definite  proof  it  is  held  likely  that  the  chloroacetyl- 
aminomethyl  group  is  in  the  meta  position  in  accordance  with  the 
usual  directive  influence  of  the  carbonyl  group. 

Kjeldahl:  0.1469  g.  subst.;  16.50  cc.  0.1  N  HC1. 

Calc.  for  CuHuOiNsCl:  X,  15.59%.    Found:  N,  15.73%. 

(2)  Derivatives  of  Phenylacetylurea. 

Phenylchloracetylurea,  C*HbCHClCOXHCOXH,.—?>0  g.  phenyl- 
chloroacetylchloride,1  19  g.  urea  (2  mols),  and  200  cc.  benzene  were 
heated  on  the  water  bath  under  a  reflux  condenser  for  about  5  hours, 
occasionally  breaking  up  the  solid  mass  which  formed.  The  product 
was  ground  up  in  a  mortar  with  water,  filtered,  washed  well  with 
water,  and  recrystallized  from  95%  alcohol.  The  yield  was  23.8  g., 
5.8  g.  of  this  having  been  recovered  from  the  alcoholic  mother  liquor 
on  concentration.  The  urea  forms  delicate  needles  which  melt  with 
slight  preliminary  softening  at  198°  to  a  yellow  liquid  which  evolved 
gas.  It  is  sparingly  soluble  in  cold  methyl  alcohol  or  acetone,  readily 
on  warming,  and  is  very  difficulty  soluble  at  the  boiling  point  in  water, 
benzene,  or  chloroform. 

Kjeldahl:  0.2303  g.  subst.;  21.60  cc.  0.1  N  HC1. 

Calc.  for  C9H902XoCl:  X,  13.18%.     Found:  X,  13.13%. 

p-Xitro  phenylacetylurea ,  p-OoXCsHtCHiCOXHCOXH*.— Crude  p- 
nitrophenylacetyl  chloride  was  obtained  by  treating  63  g.  />-nitro- 
phenylacetic  acid  with  75  g.  phosphorus  pentachloride  in  benzene 
solution  and  concentrating  in  vacuo.  To  a  solution  of  the  chloride  in 
180  cc.  benzene  42  g.  (2  mols)  urea  were  added  and  the  mixture 
heated  for  about  6  hours  on  the  water  bath,  the  lumpy  mass  being 

1  Staudinger  and  Bercza,  Bcr.,  44,  536  (1911). 
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occasionally  broken  up  with  a  glass  rod.  At  the  end  the  supernatant 
liquid  was  poured  off  and  the  solid  ground  up  with  water,  adding 
sodium  acetate  solution  until  neutral  to  Congo  red.  The  urea  was 
then  filtered  off  and  washed  well  with  water.  The  yield  was  67  g. 
A  small  portion  was  recrystallized  from  water,  from  which  it  sepa- 
rates as  delicate,  hair-like  needles  which  are  difficultly  soluble  in 
boiling  water  or  95%  alcohol.  The  compound  softens  and  turns 
yellow  above  225°  and  melts  with  effervescence  to  an  orange-brown 
liquid  at  250-2°. 

Kjeldahl:  0.2375  g.  subst.;  31.55  cc.  0.1  N  HC1. 
Calc. for C9H9O4N3:  N,  18.83%.     Found:  N,  18.61%. 

p-Aminophenylacetylurea. — 55.5  g.  />-nitrophenylacetylurea  were 
added  to  a  boiling  solution  of  470  g.  ferrous  sulfate  in  1600  cc.  water. 
The  mixture  was  made  alkaline  with  ammonia,  shaking  vigorously, 
and  the  boiling  continued  for  about  10  minutes.  1600  cc.  alcohol 
were  then  added  and  the  mixture  digested  for  about  three-quarters  of 
an  hour  on  the  water  bath.  On  filtering  the  hot  solution  and  concen- 
trating the  filtrate  to  small  bulk  the  aminourea  was  obtained  in  a 
yield  of  35  g.  Recrystallized  from  50%  alcohol,  adding  a  few  drops 
of  ammonia  to  the  solution  before  cooling,  the  urea  forms  almost 
colorless,  felted  needles  which  are  soluble  in  boiling  water,  more 
easily  in  hot  methyl  alcohol,  and  sparingly  so  in  ethyl  alcohol.  It 
melts  at  198-9°  with  gas  evolution.  The  diazotized  compound 
couples  with  R-salt  to  form  a  red  dye  which  changes  to  purplish 
brown  with  an  excess  of  sodium  carbonate. 

Kjeldahl:  0.1014  g.  subst.;  15.7  cc.  0.1  AT  HC1. 

Calc.  for  CgHnO,N«:  N,  21.76%.     Found:  N,  21.69%. 

p-Chloroacetylaminophenylacetylurea. — 20  g.  sodium  acetate  were 
added  to  a  solution  of  12  g.  ^-aminophenylacetylurea  in  120  cc.  50% 
acetic  acid.  8  cc.  chloroacetyl  chloride  were  then  added  to  the  solu- 
tion, with  vigorous  shaking,  causing  immediate  precipitation  of  the 
chloroacetyl  derivative.  After  diluting  with  water  the  substance  was 
filtered  off  and  washed  well  with  water.  The  yield  was  16  g.  Re- 
crystallized from  95%  alcohol  it  forms  delicate  needles  which  dissolve 
sparingly  in  boiling  water,  more  easily  in  boiling  alcohol,  and  readily 
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in  boiling  acetic  acid.  When  rapidly  heated  to  235°,  then  slowly,  the 
urea  melts  at  241°  with  gas  evolution  and  preliminary  softening  and 
darkening. 

Kjeldahl:  0.1 108 g.  subst.;  12.45  cc.  0.1  N  HC1. 

Calc. for CuHaOiNiCl:  N,  15.59%.     Found:  X,  15.74%. 

(3)  Derivatives  of  A  m  ino  phenoxyacetylureas . 

o-Nitrophenoxyacetyl   Chloride,  o-0»XCttf£)CH£OCL-~±S  g.  o-m- 

trophenoxyacetic  acid,  54  g.  phosphorus  pentachloride,  and  50  cc. 
toluene  were  heated  on  the  water  bath  until  evolution  of  hydrochloric 
acid  ceased.  The  solution  was  then  concentrated  in  vacuo  and  the 
residue  dissolved  in  an  equal  volume  of  toluene.  On  adding  petroleum 
ether  until  just  turbid  and  scratching  the  chloride  separated  in  large 
plates.  More  ligroin  was  added  to  complete  the  deposition  of  the 
chloride,  which  was  then  filtered  off,  washed  with  ligroin,  and  dried. 
The  yield  was  45  g.  A  portion  was  recrystallized  from  hot  ligroin 
(b.  80-90°),  adding  a  little  ligroin  to  the  solution  as  it  cooled,  in  order 
to  prevent  too  early  deposition  of  the  chloride  as  an  oil.  As  ob- 
tained in  this  way  it  forms  long,  silky,  faintly  yellow  needles  which 
melt  at  41-2°  (cor.)  with  slight  preliminary  softening.  It  dissolves 
readily  in  the  usual  organic  solvents  with  the  exception  of  ligroin. 

0.1847  g.  subst.,  boiled  with  aq.  XH3;  0.1204  g.  AgCl. 
Calc.  for  C8H604XC1:  CI,  16.45%.'    Found:  CI,  16.13%. 

o-Nitrophenoxyacetylurea. — 40  g.  of  the  chloride  were  dissolved  in 
100  cc.  benzene  and  heated  on  the  water  bath  for  5  hours  with  25  g. 
of  well  powdered  urea.  The  mixture  was  then  ground  up  with  water, 
filtered  off,  and  thoroughly  washed  with  water.  The  yield  of  crude 
product  was  44  g.  A  portion  was  recrystallized  from  50%  alcohol, 
forming  cream-colored,  irregular  prisms  and  long  needles  which  change 
into  the  prisms  on  letting  the  mixture  stand  overnight.  A  little  am- 
monia was  added  before  filtering  off,  in  order  to  hold  back  any  sapon- 
ified material.  When  rapidly  heated  to  180°,  then  slowly,  the  urea 
softens  and  finally  melts  at  186-8°  with  slow  gas  evolution.  It  dis- 
solves in  the  cold  in  acetone  and  in  boiling  water  or  alcohol. 

0.1276  g.  subst.;  19.8  cc.  N,  756  mm.,  25.0°. 

Calc.  forC,H905X3:  X,  17.57%.     Found:  X,  17.68%. 
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An  attempt  to  reduce  the  nitrophenoxyacetylurea  resulted  only  in 
the  isolation  of  o-aminophenoxyacetic  anhydride.  This  is  the  more 
easily  understood  by  the  ease  with  which  the  nitro  urea  undergoes 
saponification,  short  boiling  with  dilute  ammonia  sufficing  to  pro- 
duce a  deep  orange  color  in  the  originally  almost  colorless  solution. 

p-Nitrophenoxyacetylurea. — This  was  obtained  from  />-nitrophenoxy- 
acetyl  chloride  (see  p.  252)  and  urea  as  in  previous  examples.  Re- 
crystallized  from  acetic  acid  it  forms  minute  crystals  which  are  less 
difficultly  soluble  in  boiling  acetic  acid  than  in  the  other  usual  sol- 
vents. When  quickly  heated  to  245°,  then  slowly,  it  softens  slightly 
and  then  melts  at  250°  with  gas  evolution  to  a  yellow  liquid  which 
soon  darkens. 

Kjeldahl:  0.2145  g.  subst.;  26.70  cc.  0.1  N  HC1. 

Calc.  for  C9H906N3:  N,  17.57%.     Found:  N,  17.43%. 

p-Aminophenoxyacetylurea. — 50  g.  of  the  well  powdered  nitrourea 
were  added  to  a  boiling  solution  of  450  g.  ferrous  sulfate  in  1100  cc. 
water.  The  mixture  was  made  alkaline  with  ammonia,  shaking 
vigorously,  diluted  with  1100  cc.  alcohol,  again  brought  to  a  boil,  and 
filtered  hot.  The  amino  compound  separated  from  the  filtrate  on 
cooling  in  a  yield  of  20  g.  Recrystallized  from  50%  alcohol,  adding  a 
few  drops  of  ammonia  to  hold  back  any  acid  present,  the  urea  forms 
long  needles  which  soften  above  190°,  melt  with  gas  evolution  at 
198-9°,  resolidify,  and  melt  again  with  gas  evolution  above  240°.  It 
is  soluble  in  boiling  water,  difficultly  in  boiling  acetone  or  absolute 
alcohol.  An  aqueous  suspension  gives  a  slowly  developing  reddish 
color  with  ferric  chloride,  while  a  diazotized  solution  couples  with 
R-salt  to  give  a  deep  red  color. 

0.1134 g.  subst.;  19.65  cc.  N,  763  mm.,  23.0°. 

Calc.  for  C9H11O3N3:  N,  20.09%.     Found:  N,  20.06%. 

p-Chloracetylaminophenoxyacetylurea. — This  substance  was  obtained 
by  chloroacetylating  the  aminourea  in  50%  acetic  acid  solution  as  in 
numerous  preceding  examples.  The  chloroacetyl  derivative  was  fil- 
tered from  the  diluted  reaction  mixture  and  washed  with  water. 
Recrystallized  from  acetic  acid  it  forms  aggregates  of  minute,  flat 
needles  which  melt  and  decompose  at  238-40°  with  preliminary  soft- 
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ening.     The  urea  is  practically  insoluble  in  the  usual  solvents  with 
the  exception  of  acetic  acid. 

0.1328  g.  subst.;  17.3  cc.  N,  756  mm.,  26.0°. 

Calc.  for  CiiH1204X3Cl:  X,  14.72%.     Found:  X,  14.80%. 

Owing  to  the  poor  yield  obtained  in  the  reduction  of  ^-nitrophen- 
oxyacetylurea  a  method  was  sought  by  which  to  prepare  />-chloroacetyl- 
aminophenoxyacetylurea  in  better  yield,  reckoning  from  the  starting 
material.     This  was  accomplished  by  the  following  series  of  steps: 

p-Chloroacetylaminophenoxy  acetic  Acid,  p-ClCH2COy HC '&H \OCH2- 
CO2H. — 10  g.  />-aminophenoxyacetic  acid  were  dissolved  in  an  excess 
of  10%  sodium  hydroxide  solution  and  treated  with  6  cc.  chloroacetyl 
chloride,  with  shaking  and  chilling.  On  acidification  with  hydro- 
chloric acid  the  chloroacetyl  compound  separated  as  a  thick  mass. 
This  was  filtered  off,  washed  with  water,  and  dried.  The  yield  was 
12  g.  Recrystallized  first  from  water,  then  from  acetic  acid,  the  sub- 
stance forms  practically  colorless  rosets  of  delicate  needles  which  con- 
tain one  molecule  of  acetic  acid  of  crystallization  which  is  lost  at  100° 
in  vacuo  over  sulfuric  acid.  When  the  air-dry  substance  is  boiled 
with  water  acetic  acid  is  evolved.  After  freeing  from  acetic  acid  the 
compounds  melts  with  preliminary  softening,  at  167-9°  to  a  brown 
liquid  which  clears  completely  at  170°. 

Air-dry:  1.0325  g.  subst.;  loss,  0.1965  g.     HOAc,  19.03%. 
Calc.  for  CioH1004XCl.CH3C02H:HOAc,  19.76%. 
Anhydrous:  Kjeldahl:  0.3242  g.  subst.;  13.40  cc.  0.1  X  HC1. 
Calc.  for  CioHioO<XCl:  X,  5.75%.     Found:  X,  5.79%. 

p-Chloroacetylaminophenoxyacetyl  Chloride. — 30  g.  of  the  acid  were 
suspended  in  60  cc.  of  dry  benzene  and  treated  with  30  g.  phosphorus 
pentachloride.  A  vigorous  reaction  occurred,  but  the  substance  did 
not  dissolve.  The  mixture  was  finally  warmed  on  the  water  bath 
until  the  evolution  of  hydrochloric  acid  ceased,  after  which  it  was 
cooled  and  filtered.  The  resulting  chloride  was  washed  with  benzene 
and  dried  in  vacuo  over  sulfuric  acid,  the  yield  of  crude  product  being 
34  g.  Recrystallized  from  toluene  it  forms  aborescent  aggregates  of 
platelets  which  melt  at  147-52°  with  gas  evolution  and  subsequent 
darkening.  The  chloride  is  soluble  in  dry  acetone  but  dissolves  only 
sparingly  in  dry  chloroform  or  toluene. 
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Kjeldahl:  0.1951  g.  subst.;  7.5  cc.  0.1  N  HC1. 

Calc.  for  CioH903NCl2:  N,  5.35%.     Found:  N,  5.38%. 

16  g.  of  the  chloride  were  boiled  in  benzene  with  7.5  g.  urea  for 
about  8  hours  and  worked  up  as  in  previous  examples.  A  quantita- 
tive yield  of  ^-chloroacetylaminophenoxyacetylurea  was  obtained  in 
this  manner,  the  product  being  identical  in  every  way  with  that  pre- 
pared by  chloroacetylating  ^-aminophenoxyacetylurea. 

p-Chloroacetylaminophenoxy acetic  Methyl  Ester. — A  small  portion 
of  the  chloride  was  boiled  with  dry  methyl  alcohol  until  dissolved  and 
the  solution  then  evaporated  to  small  bulk.  On  diluting  with  hot 
water  and  cooling  cautiously  the  ester  was  obtained  crystalline.  It 
was  filtered  off,  washed  with  a  little  very  dilute  sodium  carbonate  so- 
lution to  remove  any  acid  that  had  been  formed,  and  recrystallized 
from  85%  alcohol,  forming  flat  needles  which  melt  at  170-3°  with 
preliminary  softening  and  slight  browning.  It  is  soluble  in  acetone 
or  hot  alcohol  and  but  sparingly  in  benzene  or  boiling  water. 

0.1585  g.  subst.;  8.0  cc.  X,  746  mm.,  23.0°. 

Calc.  for  C11H12O4NCI:  N,  5.44%.     Found:  N,  5.71%. 

(C)  Aromatic  Ureas  Containing  an  Amide  Group. 
o-Uraminobenzamide,  0-H2NCONHCJI1CONH2. — 20  g.  0-amino- 
benzamide1  were  dissolved  in  200  cc.  50%  acetic  acid,  chilled  in  ice- 
water,  and  treated  with  a  solution  of  12.5  g.  potassium  cyanate. 
On  scratching,  17  g.  of  the  urea  separated  as  thick,  cream-colored, 
hexagonal  plates.  On  attempting  to  recrystallize  the  substance  from 
boiling  water,  copious  evolution  of  ammonia  occurred,  ring  condensa- 
tion taking  place  with  formation  of  benzoyleneurea  as  long  needles. 
(Calc.  for  CgHAN:,:  N,  17.28%.  Found:  N,  17.33%.)  The 
crude,  air-dried  0-uraminobenzamide  was  therefore  analyzed.  When 
rapidly  heated  to  180°,  then  slowly,  it  melts,  effervesces,  and  resolidi- 
fies at  184-5°  and  does  not  remelt  up  to  280°. 

0.1037  g.  subst.;  21.0  cc.  N.  770 mm.,  22.0°. 

Calc.  for  C8H9O2N3:  N,  23.46%.     Found:  N,  23.74%. 

m-Vraminobenz  amide. — This  substance  was  first  prepared  by 
Menschutkin,2  who  does  not  give  a  melting  point.     20  g.  of  the  hy- 

1  Loc.  cit.  . 

2  Menschutkin,  Ann.,  158,  96  (1871). 
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drate  of  w-aminobenzamide  were  treated  as  in  the  case  of  the  o-iso- 
mer.  The  yield  of  urea  was  20  g.  Recrystallized  from  water  it 
forms  flat  needles.  When  rapidly  heated  to  230°,  then  slowly  it 
melts  with  effervescence  at  about  235°,  resolidifying  and  turning  yel- 
low on  further  heating,  but  not  melting  below  280°.  If  slowly  heated 
it  softens  and  evolves  gas  above  220°,  but  does  not  melt. 

Kjeldahl:  0.1171  g.  subst.;  19.60  cc.  0.1  JYHC1. 

Calc.  for  CsHsA-NV  N,  23.46%.     Found:  X,  23.45%. 

m-Chloroacetyluraminobenzamijfle,  m-ClCHoCONHCONHC&Hi- 
COXH2. — 10  g.  w-uraminobenzamide  were  dissolved  in  30  g.  chloro- 
acetic  acid  on  the  water  bath,  treated  with  6  cc.  chloroacetyl  chloride, 
and  heated  one-half  hour.  The  chloroacetyl  derivative  separated  in 
a  yield  of  9  g.  on  pouring  the  melt  into  water.  Recrystallized  from 
water  it  forms  aggregates  of  microscopic  needles  which  decompose  at 
223-4°  with  preliminary  darkening  and  softening.  It  is  very  sparingly 
soluble  in  hot  water,  acetone,  or  alcohol,  and  dissolves  readily  in  hot 
acetic  acid,  difficultly  in  the  cold. 

Kjeldahl:  0.1000  g.  subst.;  11.7  cc.  0.1  N  HC1. 

Calc.  for  CioHioOaXjCl:  N,  16.44%.     Found:  X,  16.40%. 

p-Uraminobenzamide. — 20  g.  />-aminobenzamide  were  dissolved  in 
100  cc.  of  warm  50%  acetic  acid,  quickly  chilled,  and  treated  with  a 
concentrated  aqueous  solution  of  13  g.  potassium  cyanate.  The 
urea  separated  rapidly  in  a  yield  of  18  g.  Recrystallized  from  water 
adding  a  few  drops  of  ammonia  to  the  warm  solution,  it  forms  aggre- 
gates of  prisms  which  dissolve  readily  in  boiling  water,  difficultly  in 
boiling  absolute  alcohol  or  amyl  alcohol,  and  are  almost  insoluble  in 
acetone  or  benzene.  When  rapidly  heated  to  240°  it  melts  with 
gas  evolution  at  240-2°,  resolidifies,  and  gradually  melts  again  with 
continued  gas  evolution  as  the  temperature  is  raised,  forming  a  clear, 
yellow  liquid  at  275' . 

Kjeldahl:  0.1311  g.  subst.;  21.75  cc.  0.1  N  HC1. 

Calc.  for  CsHoOAV  X,  23.46%.     Found:  X,  23.24%. 

p-Chloroacetyluraminobcnzamidc. — On  adding  8.5  cc.  chloroacetyl 
chloride  to  a  partial  solution  of  15  g.  />-uraminobenzamide  in  45  g. 
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chloroacetic  acid  on  the  water  bath  a  clear  solution  was  obtained.  In 
a  few  moments  the  mixture  set  to  a  solid  mass  of  the  chloroacetyl 
derivative.  After  heating  15  minutes  longer  it  was  diluted  with  water 
and  the  precipitate  filtered  off.  The  yield  was  12  g.  Recrystallized 
from  50%  alcohol,  it  forms  hexagonal  plates  and  prisms  which  darken 
and  soften  above  210°  and  decompose  at  236-7°.  It  is  sparingly 
soluble  in  the  usual  neutral  solvents,  but  dissolves  in  dilute  aqueous 
sodium  hydroxide. 

Kjeldahl:  0.1455  g.  subst.;  16.95  cc.  0.1  N  HC1. 

Calc.  for  CioHioOsNjCl:  X,  16.44%.     Found:  X,  16.33%. 

m-Uraminophenylacetamide,  m-HzNCONHCtEiCHiCONHi. — 15  g. 
m-aminophenylacetamide  (p.  247)  were  dissolved  in  100  cc.  of  nor- 
mal hydrochloric  acid  and  a  few  cc.  of  acetic  acid  added.  The  solu- 
tion was  then  treated,  with  chilling,  with  8.5  g.  potassium  cyanate  dis- 
solved in  a  little  water.  The  urea  separated  on  scratching,  after 
which  the  solution  was  made  acid  to  Congo  red  and  the  urea  filtered 
off  and  washed  with  water.  The  yield  was  15  g.  Recrystallized, 
with  bone-blacking,  from  water,  it  forms  minute,  practically  colorless 
plates  which  are  soluble  in  hot  water,  sparingly  so  in  hot  95%  alcohol, 
and  almost  insoluble  in  acetone.  The  substance  melts  at  201-2°  to 
a  liquid  filled  with  bubbles. 

Kjeldahl:  0.1163  g.  subst.;  18.15  cc.  0.1  N  HC1. 
Calc.forC9Hii02N«:  X,  21.76%.     Found:  X,  21.86%. 

m-Chloroacetyluraminophenylacetamide,  m-ClCH2CONHCONHC6- 
E4PH2CONH2. — The  urea  was  chloroacetylated  in  molten  chloroacetic 
acid  by  means  of  chloroacetyl  chloride  as  in  previous  examples.  Af- 
ter heating  for  one-half  hour  on  the  water  bath  the  melt  was  poured 
into  water,  precipitating  the  chloroacetyl  derivative  as  a  gum  which 
soon  crystallized.  This  was  filtered  off,  ground  up  in  a  mortar  with 
sodium  acetate  solution  until  neutral  to  Congo  red,  and  recrystallized 
twice  from  50%  alcohol,  forming  slightly  pinkish  aggregates  or  mi- 
nute plates  and  flat  needles.  When  rapidly  heated  to  175°,  then 
slowly,  it  melts  at  179-81°  with  gas  evolution  and  preliminary  soft- 
ening. The  amide  is  soluble  in  the  cold  in  acetic  acid,  sparingly  in 
acetone  or  95°  alcohol,  and  is  soluble  in  hot  water  or  50%  alcohol. 
It  gives  the  Beilstein  test. 
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Kjeldahl:  0.1514  g.  subst.;  16.75  cc.  0.1  AT  HC1. 
Calc.forCiiHjoOsXsCl:  X,  15.59%.     Found:  N,  15.50%. 

p-Ur  amino  phenylacetamide. — 20  g.  p  -aminophenylacetamide1  were 
suspended  in  400  cc.  water  and  67  cc.  double  normal  hydrochloric 
acid  added.  To  the  resulting  solution  was  slowly  added  a  solution 
of  11.5  g.  potassium  cyanate,  keeping  the  temperature  below  5°.  The 
urea  separated  in  a  yield  of  22  g.  Recrystallized  from  water,  it 
forms  transparent,  rectangular  plates  which  dissolve  in  boiling  water 
and  are  scarcely  soluble  in  boiling  alcohol  or  acetone.  When  rapidly 
heated  to  230°,  then  slowly,  it  softens,  melts  with  effervescence  at 
233-6°  and  then  resolidifies. 

Kjeldahl:  0.1297  g.  subst.;  20.0  cc.  0.1  N  HC1. 

Calc.  for  C9Hn02N3:  N, '21.76%.     Found:  N,  21.60%. 

p-Chloroacetylut -amino phenylacetamide . — The  urea  was  chloroacety- 
lated  as  in  previous  examples.  After  one-half  hour  the  melt  was. 
poured  into  water,  precipitating  the  chloroacetyl  compound  in  crys- 
talline form.  Recrystallized  from  95%  alcohol  it  forms  aggregates  of 
delicate  needles  which  are  very  difficulty  soluble  in  the  cold  in  the 
usual  solvents  and  less  sparingly  soluble  in  hot  alcohol  or  acetic  acid 
than  in  the  others.  When  rapidly  heated  to  195°,  then  slowly,  it 
melts  and  decomposes  at  200-1°,  with  preliminary  softening. 

Kjeldahl:  0.1539  g.  subst.;  17.0  cc.  0.1  N  HC1. 

Calc.  for  CuHaQaNtCl:  N,  15.59%.     Found:  N,  15.47%. 

p-Ur amino phenoxyacetamide. — 30  g.  />-aminophenoxyacetamide  (p. 
25l)  were  dissolved  in  400  cc.  water  and  50  cc.  acetic  acid  and 
treated,  with  cooling,  with  a  solution  of  14.6  g.  potassium  cyanate. 
The  urea  separated  in  quantitative  yield  on  shaking.  Recrystallized 
from  water  containing  a  little  ammonia  it  forms  radiating  masses  of 
long,  flat,  slightly  brownish  needles  which  are  less  difficultly  soluble 
in  boiling  water  than  in  the  other  usual  neutral  solvents.  When 
rapidly  heated  it  softens  above  210°,  melts  with  gas  evolution  at 
about  230°,  resolidifies  partly,  and  melts  again  completely  at  260°. 


0.1111  g.  subst.;  19.8  cc.  X,  759  mm.,  27.5°. 

Calc.  for  C,HuO,X,:  X,  20.09%.     Found:  X,  20.22%. 


1  hoc.  oil. 
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p-Chloroacetylur  amino  phenoxyacetamide .  ClCHzCONHCONHCJIc 
OCH2CONH2. — 20  g.  of  the  urea  were  dissolved  in  60  g.  molten  chloro- 
acetic  acid  and  treated  with  10  cc.  chloroacetyl  chloride.  After 
warming  for  15  minutes  on  the  water  bath  the  melt  was  poured  into 
water.  The  yield  of  chloroacetyl  derviative  was  14  g.  Recrystal- 
lized  from  acetic  acid  it  forms  masses  of  minute  needles  which  are 
practically  insoluble  in  boiling  95%  alcohol  or  acetone  but  dissolve 
readily  in  hot  acetic  acid.  When  rapidly  heated  to  225°,  then  slowly, 
the  substance  softens  and  darkens,  decomposing  at  230°. 

0.1372  g.  subst.;  17.9  cc.  N,  759  mm.,  28.0°. 

Calc.  for  CnHiaOJtfsCl:  X,  14.72%.     Found:  X,  14.78%. 

The  following  two  substances  were  prepared  in  an  attempt  to  ob- 
tain />-chloroacetyluraminophenoxyacetamide  by  an  indirect  method. 
The  final  step  was  not  carried  out,  however,  owing  to  the  satisfactory 
outcome  of  the  direct  chloroacetylation  of  ^-uraminophenoxyacet- 
amide. 

p-Ur  amino  phenoxy  acetic  Methyl  Ester,  p-HoNCONHCeHiOCHoCOr 
CH3. — 9  g.  />-aminophenoxyacetic  methyl  ester  hydrochloride1  were 
dissolved  in  100  cc.  water  and  treated,  with  cooling,  with  a  solution  of 
3.4  g.  potassium  cyanate.  The  urea  separated  in  a  yield  of  6.3  g. 
Recrystallized,  with  bone-blacking,  from  50%  alcohol  it  forms  almost 
colorless  crystals  which  dissolve  more  readily  in  boiling  50%  alcohol 
than  in  boiling  water  or  95%  alcohol  and  are  also  difficultly  soluble  in 
methyl  alcohol  or  acetone.  When  rapidly  heated  to  190°,  then 
slowly,  it  melts  at  192-3°  with  slow  gas  evolution. 

Kjeldahl:  0.1092  g.  subst.;  9.70  cc.  0.1  AT  HC1. 

Calc. for CioH1204X2:  X,  12.50%.     Found:  X,  12.45%. 

p-Chloroacetylur  amino  phenoxy  acetic  Methyl  Ester. — 9  g.  of  the  uram- 
ino  ester  were  boiled  under  a  reflux  condenser  for  about  6  hours  in  90 
cc.  of  dry  benzene  with  4  cc.  chloroacetyl  chloride.  The  mixture  was 
cooled,  treated  with  water,  filtered,  washed  with  benzene  and  water, 
and  dried.  The  yield  of  chloroacetyl  derivative  was  11  g.  Recrys- 
tallized from  amyl  alcohol  it  forms  flat,  slightly  brownish  prisms 
which  soften  above  170°  and  melt  at  181-3°  with  gas  evolution.     The 

1  Loc.  cit. 
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substance  dissolves  readily  in  hot  acetic  acid,  less  easily  in  hot  amyl 
alcohol  and  only  sparingly  in  boiling  acetone  or  chloroform. 

Kjeldahl:  0.1993  g.  subst.;  13.30  cc.  0.1  N  HC1. 

Calc.  for  Ci2H1305X2Cl:  N,  9.32%.     Found:  N,  9.35%. 

(D)  Ureas  with  Other  Substituents  and  Side  Chains. 

The  following  substances  were  prepared  in  an  attempt  to  synthe- 
size />-hydroxyphenylchloroacetylurea,  p-HOC6HiNHCONHCOCH2CI. 
In  an  experiment  on  the  direct  chloroacetylation  of  ^-hydroxyphenyl- 
urea  both  the  urea  and  hydroxyl  groups  were  chloroacetylated  and 
attempts  were  then  made  to  cover  the  hydroxyl  group  by  acetylation. 
Treatment  of  />-hydroxyphenylurea  with  acetic  anhydride  and  sulfuric 
acid  resulted  in  the  acetylation  of  both  the  urea  and  hydroxyl  groups, 
but  acetylation  of  the  hydroxyl  group  alone  was  finally  accomplished 
by  the  pyridine  method.  The  resulting  />-acetoxyphenylurea  could  be 
smoothly  chloroacetylated  and  the  product  so  obtained  was  as  sat- 
isfactory for  the  synthesis  in  which  it  was  required  as  the  free  hy- 
droxy compound  originally  sought. 

p-Chloroacetylur  amino  phenyl  Chloroacetate,  p-ClCH^CONHCONH- 
C&niOCOCH2Cl. — 5  g.  />-hydroxyphenylurea  were  heated  under  a 
reflux  condenser  with  25  cc.  benzene  and  8  g.  chloroacetylchloride  as 
in  previous  examples.  The  mixture  was  finally  boiled  up  with  about 
200  cc.  benzene,  filtered  from  tar,  and  the  producfobtained  on  cooling 
(2.2  g.),  recrystallized  twice  from  alcohol,  forming  delicate  needles  and 
long,  thin  plates  which  melt  at  185.5-7.5°  with  preliminary  softening 
and  resolidify  on  cooling.  The  substance  dissolves  in  the  cold  in 
acetone,  on  boiling  in  water,  alcohol,  or  chloroform,  and  is  sparingly 
soluble  in  benzene.     It  gives  a  strong  rest  for  halogen. 

Kjeldahl:  0.1541  g.  subst.;  10.2  cc.  0.1  N  HC1. 

Calc.  for  CnHI0O4X2Cl-.:  X,  9.18%.     Found:  X,  9.27%. 

Diacetyl-p-hydroxyphenylurea,  p-CH.COOCJIiNHCOXHCOCIh.— 
4.5  g.  ^-hydroxyphenylurea  were  treated  with  10  cc.  acetic  anhydride 
and  a  few  drops  of  concentrated  sulfuric  acid.  After  finally  heating 
on  the  water  bath  for  a  few  minutes  the  solution  was  cooled  and 
shaken  with  water.  The  resulting  solid  was  recrystallized  from  50'  ,'. 
alcohol,   yielding  6  g.   of    the    diacetyl    derivative.     Recrystallized 
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again  from  ethyl  acetate  it  forms  delicate,  pinkish  needles  which 
melt  at  213.5-14°  (cor.).  It  is  more  readily  soluble  in  the  cold  in 
chloroform  than  in  the  other  usual  neutral  organic  solvents,  but  also 
dissolves  in  the  others  on  warming. 

Kjeldahl:  0.2089  g.  subst.;  17.7  cc.  0.1  N  HC1. 

Calc.  for  CiiH1204N2:  N,  11.87%.     Found:  N,  11.87%. 

p-Acetoxyphenylurea.- — 45  g.  ^-hydroxyphenylurea  were  dissolved 
in  350  cc.  pyridine,  cooled  to  —5°,  and  treated,  with  shaking  and 
cooling,  with  25  cc.  acetyl  chloride,  added  drop  by  drop.  The  mix- 
ture was  then  allowed  to  warm  up  to  room  temperature  and  was  poured 
into  a  mixture  of  ice  and  25%  sulfuric  acid.  The  resulting  precipitate 
was  filtered  off,  washed  thoroughly  with  water,  and  dried.  The  yield 
was  45.2  g.  Recrystallized  from  95%  alcohol  the  acetate  forms  felted 
needles  which  melt  to  a  brown  liquid  at  201-2.5°  with  slight  gas  evo- 
lution and  preliminary  softening.  It  is  soluble  in  boiling  water  or 
alcohol  and  almost  insoluble  in  boiling  benzene. 

Kjeldahl:  0.1607  g.  subst.;  16.50  cc.  0.1  N  HC1. 

Calc.  for  C9H10O3N2:  N,  14.43%.     Found:  N,  14.38%. 

p-Acetoxyphenylchloroacetylurea,  p-CHsCOOCeHiNHCONHCOCHz- 
Cl. — 21  g.  of  the  acetoxyurea  were  boiled  under  a  reflux  condenser  for 
several  hours  with  210  cc.  benzene  and  13.4  g.  chloroacetyl  chloride. 
In  order  to  complete  the  crystallization  of  the  cholroacetyl  derivative 
ligroin  was  added  on  cooling.  After  recrystallization  from  50%  al- 
cohol the  yield  was  19.5  g.  Recrystallized  again  from  95%  alcohol 
it  forms  almost  colorless  spindles  and  plates  which  melt  at  181-2.5° 
(cor.)  with  preliminary  softening.  The  substance  is  easily  soluble  in 
hot  95%  alcohol,  sparingly  in  the  cold,  and  is  quite  soluble  at  room 
temperature  in  acetic  acid. 

Kjeldahl:  0.2007  g.  subst.;  15.0  cc.  0.1  N  HC1. 

Calc.  for  CnHnC^NsCl:  N,  10.36%.     Found:  N,  10.47%. 

p(?)-Uraminochloroacetylbemylamine,  p-HzNCONHC&HiCHiNHCO- 
CH2Cl. — 13.6  g.  phenylurea  were  dissolved  in  100  g.  sulfuric  acid  and 
treated  with  12.3  g.  methylolchloroacetamide,  according  to  Einhorn's 
method  for  introducing  the  CH2NHC0CH2C1  group  into  aromatic 
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compounds.1  After  2  days  the  solution  was  poured  onto  ice,  yielding 
a  gummy  precipitate  which  gradually  crystallized.  After  recrystal- 
lizing  from  alcohol  the  yield  was  10  g.  The  substance  forms  micro- 
scopic spears,  which  are  almost  insoluble  in  hot  toluene  or  acetone, 
sparingly  soluble  in  hot  ethyl  acetate,  and  readily  so  in  boiling  alcohol. 
When  slowly  heated  above  170°  it  melts  with  preliminary  soften;ng 
at  173^1°  to  a  yellow  liquid,  a  higher  figure  being  obtained  if  the  heat- 
ing is  more  rapid. 

Kjeldahl:  0.1487  g.  subst.;  18.40  cc.  0.1  N  HC1. 
Hydrolysis:  0.2548  g.  subst.;  0.1475  g.  AgCl. 
Calc.  for  Ci0H12O2N3Cl:  N,  17.40%;  CI,  14.67%.     Found:  N,  17.33%;  CI,  14.33%. 

p(?)-Uramino-u-chloroacetophenone,  p-HzNCONHCJliCOCHiCl. — 
35  g.  of  anhydrous  aluminium  chloride  were  added,  with  shaking,  to  a 
suspension  of  10  g.  phenylurea  in  75  g.  of  dry  carbon  bisulfide.  To 
the  mixture  were  added,  drop  by  drop,  9.5  g.  chloroacetyl  chloride,  fi- 
nally warming  on  the  water  bath  until  the  reaction  was  over.  Ice  was 
added  and  the  whole  vigorously  shaken  until  decomposition  was  com- 
plete. Recrystallized  from  95%  alcohol  the  ketone  forms  cream-col- 
ored, nacreous  plates  which  melt  constantly  at  197-8°  with  decompo- 
sition. The  yield  was  7  g.  The  compound  is  soluble  in  acetone  or 
hot  alcohol  and  only  sparingly  in  hot  benzene. 

Kjeldahl:  0.1674  g.  subst.;  15.75  cc.  0.1  N  HC1. 
Hydrolysis:  0.1661  g.  subst.  0.1105  g.  AgCl. 
Calc.  for  C9H902N2'ci:  X,  13.18%;  CI,  16.68%.     Found:  N,  13.18%;  CI,  16.45%. 

p-Aminophenoxy  ethyl  Bromide  {p- Amino  phenyl  Bromoethyl  Ether) 
Hydrobromide. — p-Acetaminophenoxyethyl  bromide  was  smoothly  hy- 
drolyzed  by  boiling  for  one  hour  under  a  reflux  condenser  with  5 
parts  of  hydrobromic  acid  (d.  1.49).  The  /j-aminophenoxyethyl  bro- 
mide hydrobromide  separated  on  cooling  and  was  filtered  off  and 
washed  with  a  little  acetone.  A  portion  was  recrystallized,  with  bone- 
blacking,  from  a  little  water  containing  a  few  drops  of  hydrobromic 
acid,  forming  thin,  glistening  plates  which  melt  at  227-8°  with  gas 
evolution  and  preliminary  softening.  It  is  difficultly  soluble  in  ab- 
solute alcohol  at  room   temperature,  but  dissolves  in  water.     An 

1  Loc.  cil. 
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aqueous  solution  gives  a  slowly-developing,  purple  color  with  ferric 
chloride.     The  salt  is  readily  diazotized. 

0.21 06  g.  subst.;  8.70  cc.  N,  757  mm.,  26.5°. 

Calc.  for  C8HioONBr.HBr:  N,  4.72%.     Found:  N,  4.69%. 

p-Aminophenoxy ethyl  Bromide,  p-HiNCsHiOCHiCHzBr. — A  portion 
of  the  crude  hydrobromide  was  dissolved  in  water  and  made  alkaline 
with  sodium  carbonate  solution.  The  bromide  separated  as  an  oil 
which  crystallized  almost  immediately.  The  product  was  quickly  fil- 
tered off,  washed  with  water,  and  recrystallized,  with  bone-blacking, 
from  a  little  95%  alcohol,  forming  minute,  glistening  platelets  which 
are  readily  soluble  in  acetone  or  chloroform,  less  easily  in  benzene  or 
alcohol.  The  bromide  melts  with  preliminary  softening  at  83-4.5° 
to  a  liquid  which  immediately  becomes  turbid  and  decomposes  with- 
out clearing  at  about  260°. 

Kjeldahl:  0.1958  g.  subst.;  9.25  cc.  0.1  N  HC1. 

Calc.  for  CgHioONBr:  N,  6.48%.     Found:  N,  6.62%. 

p-U  r  amino  phenoxy  ethyl  Bromide  (p-Ur  amino  phenyl  Bromoethyl 
Ether),  p-H  2N  CON HC^HiOCH^CH^Br— This  substance  was  obtained 
by  reacting  crude  />-aminophenoxyethyl  bromide  hydrobromide  with 
potassium  cyanate  in  aqueous  solution.  Recrystallized,  with  bone- 
blacking,  from  95%  alcohol  it  forms  aggregates  of  fiat  needles  which 
melt  slowly  at  160-2°  with  preliminary  softening.  It  is  quite  soluble 
in  alcohol  or  acetone  at  room  temperature,  sparingly  in  ether  or 
chloroform. 

Kjeldahl:  0.1501  g.  subst.;  11.70  cc.  0.1  .V  HC1. 
Hydrolysis:  0.1152  g.  subst.;  0.0828  g.  AgBr. 
Calc.  for  C9H„02N2Br:  N,  10.82%;  Br,  30.84%.     Found:  N,  10.92%;  Br,  30.58%. 


[Reprinted  from  Surgery,  Gynecology  and  Obstetrics,  November,  1917,  Vol.  xxv, 

No.  5,  pp.  507-519.] 


STERILIZATION  AND  CLOSURE  OF  SUPPURATING 
FRACTURES. 

By  M.  GUILLOT,  M.D.,  and  H.  WOIMANT,  M.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research,  New  York, 
and  Hospital  21,  Compiegne,  France.) 

During  the  past  year,  it  has  been  shown  in  this  hospital  that  recent 
fractures  can  be  sterilized  and  closed  (1).  It  was  important  to  ascer- 
tain whether  the  same  method  could  be  applied  to  older  cases  in  hos- 
pitals removed  from  the  battlefield,  and  for  this  purpose  old  and  highly 
infected  fractures  were  removed  from  the  trains  bound  for  Paris  at 
a  station  situated  close  to  our  hospital.  The  patients  reached  the  hos- 
pital a  few  hours  earlier  than  they  would  have  reached  the  Paris  hos- 
pitals. But  this  anticipation  of  a  few  hours  was  negligible,  since  2 
to  46  days  and  even  8  months  had  elapsed  since  the  injury. 

A  great  many  fractures  of  the  long  bones  remain  fistulous.  Prob- 
ably 50  per  cent  of  fractures  of  the  thigh  still  suppurate  after  ten 
months'  treatment.  This  estimate  of  the  number  of  osseous  lesions 
which  remain  fistulous  after  long  deferred  treatment  may  appear  ex- 
cessive to  surgeons  primarily  concerned  with  industrial  traumatisms. 
But  unfortunately  in  the  actual  conditions  of  war  surgery,  i.  e.,  frac- 
tures of  the  long  bones  produced  by  bursting  shells,  our  estimate  falls 
short  of  the  reality. 

After  four  months  of  experimentation  devoted  to  regulating  the 
details  of  this  special  application  of  Carrel's  method,  we  are  in  a  posi- 
tion to  affirm  that  fractures  in  full  process  of  suppuration  can  be 
sterilized  and  closed.  The  technique  comprises  the  following  points: 
(a)  preliminary  disinfection,  (b)  operative  treatment,  (c)  sterilization, 
and  (d)  closing  of  the  focus  of  fracture. 

Preliminary  Disinfection. 

In  nearly  all  instances  the  patients  had  received  surgical  treatment 
a  few  hours  after  injury  in  a  hospital  near  the  front.  At  first  sight 
this  treatment  appears  either  complete  or  incomplete.     In  some  cases 
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we  are  confronted  with  a  widely  exposed  fracture;  in  others  with  a 
badly  cleansed  cavity  which  communicates  with  the  exterior  only  by 
means  of  one  or  more  inadequate  openings.  In  the  latter  case  one  is 
tempted  to  perform  an  immediate  operation,  and  this  procedure  has 
often  been  followed  in  the  base  hospitals.  But  this  should  be  abso- 
lutely prohibited,  for  an  operation  conducted  under  these  conditions 
is  followed  by  a  marked  rise  in  temperature,  and  sometimes  by  sep- 
ticaemia and  death. 

Before  an  operation  is  attempted,  infection  must  be  reduced  as 
much  as  possible.  This  is  accomplished  by  discontinuous  flushing 
with  Dakin's  solution.  If  it  is  impossible  to  introduce  tubes  into  the 
focus,  careful  incisions  may  be  resorted  to,  but  the  bones  should  not 
be  handled.  These  incisions  do  not  expose  the  patient  to  the  grave 
complications  which  ordinarily  follow  osseous  operations  performed  in 
an  infected  focus.  This  preliminary  disinfection  must  be  done  in  all 
cases,  whether  the  previous  operation  has  been  well  or  badly  conducted. 
An  exception  may  be  made  in  the  case  of  very  old  fistulous  fractures 
which  show  no  inflammatory  reaction. 

The  first  process  must  be  carried  out  by  an  exact  observance  of  the 
principles  of  Carrel's  method  (2)  and  of  the  details  of  its  application. 
The  progress  of  disinfection  should  be  followed  on  the  bacteriological 
curve,  for  it  is  imperative  that  one  should  be  able  to  visualize  at  a 
glance  the  modifications  in  the  number  of  bacteria.  Every  other 
day,  after  the  flushing  has  been  suspended  for  two  hours,  films  are 
made  of  secretions  from  the  wound  taken  from  such  parts  as  are  appar- 
ently most  highly  infected.  The  bacteria  of  three  microscopic  fields 
are  counted  on  this  preparation  and  the  average  result  of  the  observa- 
tions is  registered  on  the  curve.  The  curves  thus  obtained  are  differ- 
ent from  the  sterilization  curves  of  fresh  fractures.  The  latter,  at  the 
outset,  show  no  or  very  few  bacteria  in  films  of  their  secretions,  and 
the  bacteria  appear  in  large  quantities  only  after  twenty-four  or 
thirty-six  hours.  They  increase  in  number  for  some  time,  after  which 
a  rapid  and  regular  diminution  occurs.  This  is  illustrated  by  the 
following  experiment. 

Case  1. — Recent,  comminuted  bullet  fracture  of  the  femur.  Immediate  re- 
moval of  the  splinter  of  bone;  rapid  sterilization.  Suture  with  horsehair  on  the 
fourteenth  day. 
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G.  AI.,  age  42;  wounded  July  1,  1916,  at  11:30  p.m.;  entered  Hospital  21  six 
hours  later. 

Examination. — Small  opening  in  the  center  of  the  antero-external  region  of  the 
left  thigh.  No  outlet.  Abnormal  mobility  due  to  a  fracture  of  the  center  of  the 
femoral  diaphysis.  Moderate  inflammation.  The  roentgenogram  shows  a  highly 
splintered  fracture,  with  a  bullet  in  the  center  (Fig.  1). 

Operation. — Ether  anaesthesia;  resection  of  the  edges  of  the  cutaneous  and 
aponeurotic  openings.  Wide  incision;  ablation  of  a  small  number  of  free 
splinters;  preservation  of  several  adherent  splinters. 

Flushing  every  two  hours  with  Dakin's  solution  by  means  of  four  tubes.  Con- 
tinuous extension. 

As  is  usual  in  recent  wounds,  the  first  examination  failed  to  reveal  any  bacteria 
(Fig.  3).  Two  days  later  one  bacterium  was  found  in  every  ten  microscopic 
fields.  The  maximum  (twenty  bacteria  per  field)  was  reached  on  the  ninth  day. 
On  the  thirteenth  day  the  wound  was  sterile.  On  the  fourteenth  day  the  wound 
was  sutured  with  horsehair  and  without  drainage. 

The  two  roentgenograms  taken  at  the  beginning  and  end  of  the  treatment 
(Figs.  1  and  2,  respectively)  show  to  what  extent  it  was  possible  to  reduce  the 
fracture  after  its  reunion. 

The  bacteriological  curves  observed  in  the  case  of  old  fractures  are 
usually  very  different  from  the  one  we  have  just  examined.  In  these 
cases,  the  beginning  of  the  curve  indicates  the  presence  of  an  infinite 
number  of  bacteria,  except  where  a  dry  scab  makes  it  impossible  to 
obtain  a  film  of  the  secretions.  On  the  other  hand,  the  diminution 
in  the  number  of  bacteria  takes  place  more  slowly  than  in  the  case 
of  recent  fractures,  and  is  accompanied  by  oscillations  which  may 
last  for  some  time,  as  in  the  following  case. 

Case  2. — Old  infected  shell  fractures  of  the  sacrum.  Slow  preliminary  disin- 
fection. Hollowing  out  of  the  site  of  fracture.  Sterilization.  Closing  of  wound 
over  an  adipose  graft. 

P.  B.,  age  34;  wounded  September  17,  1916.  Operation  by  incision  and  ex- 
traction of  splinters  in  a  front-line  ambulance  thirty  hours  later.  Entered  Hos- 
pital 21  October  5,  eighteen  days  after  being  wounded. 

Examination. — In  the  sacral  region  was  a  large  horizontal,  anfractuous  wound, 
12  by  6  centimeters,  communicating  (a)  by  means  of  a  submuscular  sinus  with  a 
small  wound  in  the  left  buttock,  and  (b)  with  the  sacral  fracture.  The  entire 
visible  portion  of  the  wound  was  covered  with  a  dry  scab  produced  by  the  local 
application  of  phenol.  Lymphangitis.  Temperature  37.6°C.  General  condi- 
tion satisfactory.     Films  showed  twenty  to  forty  bacteria  per  field. 

Preliminary  disinfection  by  flushing  every  two  hours  with  Dakin's  solution 
was  immediately  started.     The  curve  (Fig.  4)  shows  that  the  films  made  from  the 
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dry  scab  of  the  wound  contained  only  a  small  number  of  bacteria.  Xot  until  the 
third  day  did  the  bacteria  become  innumerable.  After  a  period  of  oscillation,  the 
curve  appeared  from  October  21  to  29  to  tend  toward  sterilization.  But  this  was 
followed  by  a  series  of  fluctuations  of  five  to  twenty  bacteria,  showing  the  presence 
in  the  wound  of  foreign  septic  bodies  (sequestra,  fragments  of  clothing, etc.). 
Under  these  conditions  intervention  became  necessary. 

November  12,  incision  of  the  sinus.  Opening  of  the  site  of  osteitis,  which 
was  seen  to  contain  six  small  sequestra  and  to  communicate  with  the  sacral  canal. 
All  the  suspected  osseous  tissue  was  resected  with  the  gouge-forceps  (pince-gouge) . 
Beneath  the  left  sacrolumbar  muscles  muscular  detachment  was  found.  This  was 
opened  and  the  wall  excised.  All  the  visible  necrotic  tissue  was  carefully  removed 
from  the  wound  (Fig.  5). 

Sterilization  by  means  of  flushing  was  next  resumed.  The  day  after  the  opera- 
tion, the  temperature  rose  to  39°C.  and  the  number  of  bacteria  increased.  The 
temperature  fell  rapidly,  and  on  November  18,  six  days  after  the  operation,  the 
wound  was  sterile. 

For  several  days  a  pulmonary  complication  made  it  impossible  to  close  the 
wound.  Finally,  on  December  15,  after  a  short  reinfection  followed  by  a  return 
to  the  sterile  condition,  the  wound  was  filled  up  by  means  of  an  autoplasty  (Fig. 
6),  after  an  adipose  graft  in  the  focus  of  the  fracture  of  the  sacrum  had  been 
effected.     The  graft  was  taken  from  the  left  buttock. 

On  the  sixth  day,  as  a  result  of  traction  of  the  flaps,  three  of  the  stitches  were 
cut.  The  adipose  graft  in  the  wound  was  living  and  was  rapidly  becoming  cov- 
ered with  fine  granulations  and  later  with  epidermis. 

This  observation  of  a  highly  infected  fracture  of  the  sacrum,  the 
sterilization  of  which  proceeded  exceptionally  slowly,  gives  an  exact 
idea  of  the  method  followed.  It  will  be  seen  that  the  preliminary 
disinfection  was  patiently  pursued  for  as  long  a  time  as  the  bacteri- 
ological curve  continued  to  decline.  As  soon  as  a  plateau  appeared 
in  the  chart  curve,  surgical  intervention  was  seen  to  be  necessary. 
When  this  had  been  performed,  the  course  of  sterilization  continued 
in  a  normal  manner. 

We  have  said  that  it  was  not  always  necessary  to  have  recourse  to 
surgical  intervention  in  order  to  secure  the  sterilization  of  an  old 
fracture.  This  is  explained  by  the  fact  that  the  operation  performed 
at  a  first-line  ambulance  may  have  been  sufficient.  Case  3  is  an 
example  of  this  type. 

Case  3. — Infected  fracture  of  the  thigh,  nine  days  old.  Sterilization  attained 
on  the  twelfth  day.     Closure  on  the  seventeenth  day,  without  operation. 

L.  J.,  age  25;  wounded  October  11,  1916;  operated  upon  the  following  day  in 
an  ambulance  on  the  Somme.     October  20,  entered  Hospital  21. 
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Examination. — Fracture  of  the  middle  of  the  left  thigh  bone.  Two  wide 
wounds  led  to  the  site  of  fracture.  Their  long  axis  was  longitudinal.  The  outer 
wound  measured  12  by  6  centimeters;  the  inner  had  similar  dimensions  (Fig. 
7).  Abundant  suppuration;  pyocyanic.  Extensive  inflammation  of  the  limb. 
Patient  looked  tired.     Films  showed  forty  to  sixty  bacteria  per  field. 

Figure  9  shows  a  splintered  fracture  with  fissures  which  descended  very  far 
down  and  extended  almost  to  the  top  of  the  limb.  Extensive  loss  of  substance 
over  an  area  of  8  centimeters.  However,  as  the  fragments  came  in  contact  with 
one  another,  the  continuity  of  the  osseous  layer  was  uninterrupted. 

Flushing  every  two  hours  with  Dakin's  solution.  Exploration  conducted  at 
the  time  that  the  tubes  were  inserted  showed  that  the  upper  end  of  the  fracture 
was  exposed  and  that  a  medullary  plug  was  already  covering  the  lower  extremity. 
The  roentgenogram  showed  that  only  the  upper  part  of  the  fracture  was  being 
flushed.  As  a  matter  of  fact,  the  disposal  of  the  tubes  was  good,  for  sterilization 
was  obtained  in  twelve  days  (Fig.  10)  and  on  the  seventeenth  day  the  fracture 
was  closed. 

Closure  on  November  6.  Both  wounds  were  closed;  the  inner  one  was  sewed 
with  horsehair  in  one  single  cutaneous  plane;  the  outer  in  two  planes  over  a  filling 
of  Beck's  paste.  Of  these  two  planes,  the  first,  or  musculo-aponeurotic  plane, 
was  sewed  with  catgut;  the  second,  or  cutaneous  plane,  with  horse-hair  (Fig.  8). 

Operative  Treatment  in  the  Focus  of  the  Fracture. 

It  must  be  assumed  at  the  outset  that  the  appearance  of  a  plateau 
in  the  bacteriological  disinfection  curve  is  an  indication  of  the  pres- 
ence in  the  wound  of  infected  foreign  bodies.  These  may  be  necrotic 
fragments  of  tendon,  aponeurosis  or  bone,  projectiles,  particles  of 
clothing,  etc.  Of  whatever  nature,  it  is  imperative  that  the  foreign 
body  should  be  removed. 

When  surgical  treatment  is  applied  to  flat  bones  or  epiphyses  of 
long  bones,  it  presents  no  particular  difficulty.  With  the  help  of  a 
gouge-forceps  or  a  fraise  all  the  compact  or  spongy  tissue  affected 
with  osteitis  or  preventing  extensive  flushing  is  carefully  abraded.  It 
is  necessary,  as  far  as  possible,  to  avoid  opening  the  joints  which  are 
capable  of  movement,  without  losing  sight  of  the  fact  that  any  part 
which  is  well  exposed  and  thoroughly  flushed  will  never  become  dan- 
gerously infected. 

The  surgical  treatment  of  old  fractures  of  the  long  bones,  on  the 
other  hand,  presents  real  technical  difficulties.  It  does  not  suffice  to 
remove  the  sequestra,  or  to  abrade  the  necrotic  surfaces,  or  even  to 
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curette  all  the  loci  of  osteitis.  This  form  of  surgery,  which  has  been 
practiced  on  thousands  of  cases  since  the  beginning  of  the  war,  has 
usually  resulted  in  failures.  As  a  rule,  when  this  method  has  been 
used,  infection  sets  in  rapidly  in  the  bone  marrow  and  in  the  clots  of 
blood  remaining  in  the  wound.  Osteomyelitis  and  lamellar  necrosis 
of  the  walls  of  the  medullary  canal  are  the  ordinary  consequences  of 
this  kind  of  surgery,  while  opening  of  intra-osseous  abscesses  produces 
fresh  fistulas. 

In  order  to  avoid  these  complications,  it  is  necessary  to  perform  a 
systematic  operation  involving  the  successive  consideration  of  the 
following  factors:  incision,  periosteal  callus,  sequestra,  splinters,  and 
bone  ends. 

Incision. — In  preparing  the  patient,  tincture  of  iodine  should  not 
be  employed.  Dakin's  solution,  which  is  necessary  for  the  further 
sterilization  of  the  wound,  generally  produces  burns  on  an  iodized 
surface. 

The  incision  need  not  necessarily  extend  beyond  the  fistula  or  the 
wound  of  the  first  operation.  Exposure  of  each  diaphysis  is  made 
according  to  definite  rules,  by  which  a  maximum  portion  of  the  bone 
may  be  exposed  with  a  minimum  of  risk  to  the  adjacent  organs.  The 
operation  should  be  conducted  plane  by  plane,  by  successively  de- 
taching and  utilizing  each  in  such  a  manner  that  the  haemostasis  may 
be  facilitated  and  the  wound  as  a  whole  may  contract  from  the  sur- 
face inward.  If  the  line  followed  is  that  of  a  fistula  or  of  an  infected 
wound,  it  is  preferable  to  excise  all  the  infected  and  sclerous  tissues, 
and  the  process  of  elimination  or  sterilization  will  thereby  be  reduced. 
But  it  is  important  to  keep  account  of  the  quantity  of  tissue  disposed 
of,  and  care  must  be  taken  that  sufficient  skin  is  kept  for  future  clos- 
ing. The  consideration  of  this  fact  has  often  prevented  us  from 
excising  the  edges  of  the  mouth  of  a  fistula. 

Osteitis  of  the  Periosteal  Callus. — The  best  method  of  penetrating 
the  periosteal  callus,  after  the  surrounding  osteogenic  membrane  has 
been  turned  back,  is  effected  by  careful  manipulation  of  the  rugine. 
With  the  help  of  roentgenograms,  this  uncovering  must  be  confined 
to  that  part  of  the  callus  which  is  to  be  excised.  Through  the  open- 
ing thus  made,  a  gouge-forceps  is  introduced,  which  extends  the  in- 
fected cavity  of  the  periosteal  callus  in  the  direction  of  the  bone  ends 
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which  are  to  be  explored.  The  extremities  of  the  fragments  must  be 
exposed.  In  order  to  reach  the  end  of  the  callus,  it  will  suffice  to 
scoop  out  with  a  curette  every  part  affected  with  osteitis. 

If  the  fracture  is  recent,  or  if  the  periosteum  has  suffered  extensive 
destruction,  there  is  no  callus.  In  such  cases  the  fracture  cavity  can 
be  immediately  penetrated,  and  the  bone  ends  are  consequently  more 
easily  accessible. 

Sequestra. — These  may  be  found  in  the  muscles,  focus  of  fracture, 
and  medullary  canal.  If  present  in  the  muscles  they  are  easily  re- 
moved by  an  incision;  but  they  are  harder  to  find  if  situated  on  the 
side  opposite  from  which  the  incision  is  made.  In  such  cases,  after 
making  a  good  roentgenogram,  they  are  best  reached  by  means  of  a 
special  incision.  A  careful  investigation  should  be  made  for  seques- 
tra which  may  have  been  projected  into  the  medullary  canals  at  the 
time  of  injury.  Their  presence  constitutes  one  of  the  causes  for  the 
absence  of  the  medullary  plug  observed  in  the  course  of  the  consolida- 
tion of  fractures. 

Splinters. — If  the  splinters  are  necrotic,  all  fragments  which  are 
not  indispensable  to  consolidation  must  be  removed. 

Bone  Ends. — These  are  sometimes  exposed  at  the  site  of  fracture, 
and  sometimes  obliterated  by  an  osseous  plug.  The  sealing  of  the 
fragments  by  the  medulla  must  be  considered  as  a  normal  stage  in  the 
evolution  of  open  fractures.  This  process  is  impeded  in  various  ways. 
Sometimes,  as  we  have  seen,  the  projection  of  a  fragment  of  bone, 
which  rapidly  becomes  necrosed,  may  be  the  cause;  in  other  cases 
the  plug,  after  formation,  has  been  destroyed  by  osteitis.  But  in  the 
majority  of  cases  the  defect  of  obturation  is  explained  by  an  intense 
infection,  which  has  from  the  outset  produced  necrosis  of  the  contents 
of  the  medullary  canal  and  of  its  walls.  In  such  cases  the  bone  ends 
arc  laid  bare  and  are  seen  to  be  exposed  and  bathed  in  the  pus  pro- 
ceeding from  the  site  of  fracture. 

All  severe  accidents  that  follow  upon  operation  in  the  focus  of  in- 
fected fractures  are  invariably  connected  with  the  opening  of  the 
medullary  canal.  The  operation  sets  free  the  bacteria  and  provides 
them  with  contused  tissues  and  clots  of  blood  favorable  to  their  cul- 
tivation, with  the  result  that  if  in  their  vicinity  there  is  an  inade- 
quately drained  canal  filled  with  an  easily  infectible  marrow,  the  im- 
mediate result  will  be  the  occurrence  of  severe  septic  accident-. 
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We  have  regularly  observed  the  following  phenomena :  (a)  A  frac- 
ture in  which  the  bone  ends  are  obturated  causes  no  postoperative 
reaction,  (b)  A  fracture  in  which  the  bone  ends  are  not  occluded 
produces  an  intense  reaction,  if  the  cavity  of  the  medullary  canal  is 
not  plentifully  flushed  by  the  antiseptic  solution,     (c)  A  fracture  in 


Fig.  1  (at  left).  Roentgenogram,  Case  1,  showing  fracture  of  left  femur,  with 
bullet  in  the  center. 

Fig.  2.     Roentgenogram  taken  at  the  end  of  treatment  in  Case  1. 

which  the  non-occluded  bone  ends  have  been  widely  opened  by  surgi- 
cal intervention  will  produce  no  reaction. 

From  the  above  facts  we  have  drawn  the  following  conclusions  for 
the  treatment  of  bone  ends:  (1)  The  surface  of  the  medullary  plugs 
should  be  explored  with  a  curette,  in  order  to  ascertain  that  there  is 
no  communication  with  the  subjacent  medullary  canal  and  that  no 
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sequestrum  is  enclosed.  (2)  The  medullary  canals  which  have  re- 
mained open  should  be  hollowed  out  with  a  pince-gougc  in  such  a 
form  as  to  produce  a  wedge-shaped  cavity,  communicating  freely 
with  the  flushing  tubes. 

As  an  illustration,  we  shall  report  two  cases  of  fracture  of  the 
humerus,  one  of  which  was  characterized  by  two  obturated  medullary 
canals,  and  the  other  by  the  fact  that  the  bone  ends  remained  opened. 
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Fig.  3.     Bacteriological  curve  of  films  from  the  wound  in  Case  1. 

Case  4. — Infected  shell  fracture  of  the  upper  third  of  the  humerus.  Double 
medullary  plug.  Operative  treatment  without  resulting  reaction.  Closure  of 
wound. 

V.  M.,  age  21  years.  Wounded  October  21,  1916.  Operated  on  the  following 
day  in  a  first -line  ambulance;  entered  Hospital  21  November  6,  seventeen  days 
after  sustaining  the  injury. 

Examination. — Comminuted  fracture  of  the  surgical  neck  of  the  left  humerus 
(Fig.  11).     Three  wounds:  anterior,  posterior,  and  external  (Fig.  12). 

Two  drains  crossed  the  site  of  fracture  from  front  to  back.  Abundant  sup- 
puration ;  slight  oedema  of  the  member.  General  condition  good.  Films  showed 
an  innumerable  number  of  bacteria  in  the  anterior  wound,  and  about  thirty  per 
field  in  the  posterior  wound. 

Discontinuous  flushing  with  Dakin's  solution.  The  number  of  bacteria  dimin- 
ished in  both  wounds,  but  the  curve  soon  indicated  a  plateau,  at  the  degree  of 
infection  of  twenty  bacteria  per  field  (Fig.  14). 

Operation. — December  2.  Anterior  incision  made  in  the  wound.  Removal  of 
a  sequestrum  situated  above,  two  sequestra  situated  laterally,  and  the  necrotic 
end  of  the  lower  fragment.  The  two  bone  ends  were  obturated  by  a  medullary 
plug  (Fig.  15). 
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Temperature  37.9°C.  on  the  evening  of  the  second  day.  Rapid  decline  in  the 
number  of  bacteria,  and  sterilization  effected  twelve  days  later.  Suture  with 
horsehair  in  December  21  (Fig.  13). 

Case  5. — Infected  shell  fracture  of  the  upper  third  of  the  humerus.  Absence 
of  medullary  plug  at  the  site  of  the  upper  fragment.  Operation  followed  by  an 
inflammatory  reaction.     Closure  of  wound. 

C.  D.,  age  28;  wounded  October  11;  operated  on  the  same  day  in  a  first-line 
ambulance.     Entered  Hospital  21  October  20,  nine  days  after  receiving  injury. 

Examination. — Punctured  wound  in  the  anterior  region  of  the  left  axilla.  At 
the  level  of  the  upper  third  of  the  arm  there  was  a  vertical  posterior  wound, 
measuring  8  by  6  centimeters  (Fig.  16).  The  surface  of  this  wound  was  covered 
with  necrotic  tissue.  The  wound  led  into  a  focus  of  splintered  bones  occupying 
the  lower  part  of  the  surgical  neck  of  the  humerus  (Fig.  18).     (Edema.     General 
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Fig.  4.     Bacteriological  curve  of  films  frcm  the  scab  of  the  wound  in  Case  2. 


condition  good.  Temperature  38°C.  Films  taken  of  the  posterior  wound  showed 
ten  bacteria  per  field.     Flushing  every  two  hours  with  Dakin's  solution. 

On  November  5,  after  some  fluctuation  (Fig.  19).  the  number  of  bacteria  had 
diminished  to  less  than  one  in  twenty  fields.  But  as  cicatrization  had  been  very 
rapid,  the  wound  had  become  narrow  and  it  was  impossible  to  flush  it  out.  The 
bacteria  immediately  increased  in  number  until  they  reached  forty  to  sixty  per 
field.  It  was  evident  that  under  these  conditions,  the  fracture  could  not  be 
sterilized  without  surgical  operation. 

Operation. — On  November  11.  excision  en  masse  of  the  fistula.  This  led  to  a 
small  opening  at  the  back  of  the  periosteal  callus.  The  callus  was  opened  with 
chisel  and  hammer.  The  gouge-forceps  was  enlarged  in  such  a  manner  as  to 
expose  the  bone  ends.  The  callus  contained  three  small  longitudinal  sequestra. 
The  medullary  canal  of  the  upper  end  of  the  bone  remained  open.  Its  edge  was 
abraded  sufficiently  to  permit  flushing.     The  extremity  of  the  lower  fragment 
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was  obturated  by  a  medullary  plug,  but  the  edge  of  the  bone  was  necrosed  for  a 
distance  of  several  millimeters.     This  bone  was  removed  with  the  gcuge-forceps. 

The  operation  was  succeeded  by  a  fairly  strong  inflammatory  reaction,  and 
the  following  day  the  temperature  rose  to  38.9°C.  But  the  normal  condition 
was  speedily  restored,  and  when  the  temperature  fell,  films  taken  on  November 
15  showed  that  the  number  of  bacteria  had  already  been  reduced  to  eight  per 
field. 

Closure. — On  December  3,  the  focus  was  sterilized.  On  the  7th  it  was  closed 
over  a  chloramine  and  sodium  stearate  paste  filling,  by  means  of  two  planes  of 
suture,  one  musculo-aponeurotic,  the  other  cutanecus  (Fig.  17). 

Sterilization  of  the  Focus  of  Fracture. 

In  infected  fractures  of  the  long  bones,  the  wide  opening  of  the 
non-obturated  medullary  canal  is  a  factor  of  importance.  But  this 
detail  in  itself  does  not  suffice  to  prevent  every  form  of  reaction. 
It  is  usually  observed  that  the  temperature  reaches  its  maximum  in 
the  evening  of  the  second  day  after  the  operation.  Thus,  there  is  an 
interval  of  more  than  twenty-four  hours  during  which  the  multipli- 
cation of  bacteria  at  the  surface  of  the  new  wound  should  be  prevented 
as  much  as  possible. 

It  was  found  that  in  the  first  days  of  sterilization  the  most  infected 
parts  were  always  the  blood  clots  situated  in  the  vicinity  of  the  sev- 
ered bones  or  of  the  medullary  cavities.  Therefore,  it  was  attempted 
to  prevent  the  formation  of  the  clots.  With  this  object  in  view, 
after  having  clamped  and  ligated  all  the  bleeding  vessels  with  the 
utmost  care,  we  arrested  all  oozing  of  blood  from  the  bones  and 
medulla,  by  means  of  prolonged  flushing  with  physiological  salt  solu- 
tion at  40°C.  Sometimes  more  than  a  quarter  of  an  hour  was  needed 
to  obtain  this  result,  but  there  is  no  doubt  but  that  this  perfecting  of 
the  technique  has  shortened  the  time  employed  in  the  process  of 
sterilization. 

In  a  similar  manner  the  process  of  disinfection  during  the  first 
two  days  was  accelerated  by  flushing  out  the  wound  every  half  hour 
during  the  day  and  every  hour  during  the  night,  after  which  the  usual 
flushing  every  two  hours  was  resumed. 

When  flushing  is  repeated  at  close  intervals,  it  is  important  to  use 
hypochlorite  prepared  electrolytically,  as  this  substance  exerts  only 
slight  irritation  on  the  skin. 
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The  combination  of  these  three  processes,  the  wide  opening  of  the 
medullary  canals,  careful  hasmostasis,  and  frequent  flushing  with  elec- 
trolytic hypochlorite,  has  enabled  us  practically  to  suppress  all  post- 
operative febrile  reactions. 

This  method  of  procedure  has  also  greatlyaff  ected  the  course  of  the 
bacteriological  curve.     After  our  first  operations  on  old  fractures,  the 


Fig.  9.     Roentgenogram  Case  3,  showing  fracture  of  left  femur  with  deep 
fissures. 

number  of  bacteria  increased  ad  infinitum  during  the  next  few  days. 
It  will  be  seen  by  means  of  the  accompanying  charts  that  this  bac- 
terial increase  has  now  become  almost  negligible.  At  all  events,  after 
a  varying  length  of  time,  the  number  of  bacteria  falls  below  three  per 
field.  When  this  stage  is  reached,  it  is  advisable  to  let  several  days 
elapse  before  closing  the  wound. 
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Closure  of  the  Wound. 

In  fresh  fractures,  once  sterilization  is  assured,  the  closing  of  the 
cavity  is  effected  without  any  special  difficulty.  After  resection  of 
the  edge  of  the  epidermis,  the  edges  of  the  wound  are  dissected.  Pro- 
fuse bleeding  is  avoided  as  much  as  possible.  Horsehair  sutures  are 
performed.  If  pressure  is  applied  to  the  dressing,  while  at  the  same 
time  the  bone  ends  and  adherent  splinters  are  brought  together,  the 
cavity  produced  by  the  fracture  will  be  completely  obliterated. 

The  same  procedure  is  also  successful  in  old  fractures  if  the  perios- 
teal callus  is  not  in  process  of  formation,  or  if  the  condition  of  the 
muscles  make  it  easy  to  force  them  back  into  the  cavity. 
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FlG.    10.     Bacteriological  curve  of  films  from  wounds,  Case  3. 
,  external  wound; ,  internal. 

In  all  other  cases  the  focus  of  fracture  cannot  be  closed  without 
the  aid  of  a  filling,  for  otherwise  a  cavity  would  be  left  beneath  the 
sutures,  in  which  the  secretions  of  the  wounds  would  accumulate. 
Various  kinds  of  filling  were  experimented  with:  Mosetig's  substance, 
Beck's  paste  (Case  3),  chloramine  paste  (Case  5),  and  adipose  grafts 
Case  2). 

The  results  can  be  summed  up  in  the  following  statements:  Beck's 
paste  is  superior  to  that  of  Mosetig,  for  it  is  easier  to  apply  and  in- 
volves no  danger  of  intoxication.  Beck's  paste,  used  under  condi- 
tions with  which  we  deal,  necessitates  the  interposition  of  a  musculo- 
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aponeurotic  plane  between  the  paste  and  the  cutaneous  sutures.  In 
the  case  of  old  fractures  it  is  hard  to  effect  this  interposition.  The 
chloramine  paste  has  the  advantage  that  it  can  be  applied  directly 
beneath  cutaneous  sutures.  But  it  falls  away  if,  as  frequently  occurs 
in  the  case  of  old  fractures,  the  sutures  pull  and  gap  slightly,  owing  to 


Fig.  11.     Roentgenogram  Case  4  showing  comminuted  fracture  of  the  surgical 
neck  of  the  left  humerus. 

the  lack  of  tissue.  The  best  filling  seems  to  be  an  adipose  graft;  but 
this  procedure  must  be  limited  to  cases  in  which  the  formation  of  the 
periosteal  callus  is  well  advanced  and  where  there  is  no  danger  of 
pseudarthrosis.  With  this  one  limitation,  this  method  is  found  suit- 
able in  the  majority  of  cases,  since  (1)  it  does  not  require  the  making  of 
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a  musculoaponeurotic  layer;  (2)  the  graft  is  always  obtainable  in  the 
vicinity  of  the  zone  of  operation;  and  (3)  it  will  keep  in  place  even 
in  cases  where,  owing  to  the  lack  of  a  sufficient  quantity  of  cutaneous 
tissue,  the  wound  has  remained  partially  open. 

Case  6. — Old  infected  shell  fracture  of  the  tibia.  Sterilization  of  the  focus. 
Wound  closed  oven  an  adipose  graft. 

J.  Y.,  age  31 ;  wounded  October  10,  1916;  operated  on  fifty-one  hours  later  in 
an  ambulance  on  the  Somme;  entered  Hospital  21  October  20,  ten  days  after 
being  injured. 


Fig.  12  (at  left).     Anterior,  posterior,  and  external  wounds,  Case  4. 
Fig.  13.     Wounds  sutured  with  horsehair. 

Examination. — The  inner  surface  of  the  leg  and  of  the  right  thigh  showed  a 
large  muscular  wound,  of  about  50  square  centimeters  in  area  (Fig.  20).  At  the 
lower  third  of  the  wound  there  was  extensive  loss  of  tibial  tissue  (Fig.  22).  The 
muscles  were  covered  with  necrotic  tissue.  The  focus  of  fracture  contained  a 
serous  fluid,  as  well  as  the  broken  ends  of  the  bone,  which  constituted  an  irregular 
cavity.  Innumerable  bacteria  were  seen  on  the  films.  On  the  first  day  the  films 
were  obtained  from  a  part  of  the  surface  of  the  wound  covered  with  a  dry  scab, 
and  contained  but  a  few  organisms. 

On  October  27,  one  week  after  the  patient 's arrival,  the  wound  was  cleansed. 
On  October  30  the  number  of  bacteria  began  to  diminish  (Fig.  23) ,  but  from  Novem- 
ber 2  to  22  it  fluctuated  in  the  neighborhood  of  twenty  per  field.  After  Novem- 
ber 22  the  wound  rapidly  became  sterile.     Closure  on  November  30  with  horse- 
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hair,  but  the  cutaneous  tissues  were  taut  and  were  not  present  in  sufficient  quan- 
tities around  the  fracture.  The  cavity  was  filled  with  chloramine  paste  and  every 
other  day  sufficient  paste  was  added  to  maintain  the  sterility  of  the  cavity.  On 
December  13  the  tissues  appeared  to  have  become  sufficiently  supple  again  to 
permit  of  their  being  reunited.  The  site  of  fracture  was  filled  with  an  adipose 
graft  and  the  tissues  were  completely  sutured  (Fig.  21). 

In  order  that  the  technique  of  applying  adipose  grafts  may  be  suc- 
cessfully accomplished,  a  few  special  precautions  should  be  observed. 

The  liberation  of  the  edges  of  the  cicatrix  must  be  followed  by  care- 
ful haemostasis.  At  this  stage  the  horsehair  stitches  to  be  used  for 
the  suture  are  inserted.     The  center  of  these  threads  is  placed  along 


Fig.  14.     Bacteriological  curve  of  films  from  wounds  in  Case  4. 
,  anterior  wound; ,  posterior  wound. 

the  ends  of  the  wound,  in  such  a  manner  that  the  graft  can  be  slipped 
into  the  cavity  of  the  fracture  without  catching  in  them.  .  The  graft 
tissue  is  then  removed  from  the  subject  himself  (after  both  gloves  and 
instruments  have  been  changed),  either  from  the  buttock  or  the 
antero-external  region  of  the  thigh.  The  patient  should  not  be 
turned  in  order  to  remove  the  graft,  for  this  may  involve  faults  of 
asepsis.  Before  sliding  the  grafts  into  the  cavity,  the  periphery  of 
the  cutaneous  opening  should  be  carefully  protected  by  means  of 
compresses,  in  such  a  way  that  there  is  no  danger  of  either  the  skin  or 
horsehair  being  touched.  Once  the  graft  is  in  place  the  threads  need 
only  be  drawn. 
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It  has  been  seen  in  Case  6.  how  difficult  it  sometimes  is  to  obtain  a 
sufficient  amount  of  skin  to  cover  an  old  fracture.  In  certain  cases 
failures  result,  and.  after  the  wound  has  been  closed  as  well  as  pos- 
sible, the  cavity  must  be  allowed  to  fill  up  spontaneously.  In  such 
cases  it  is  well  to  preserve  its  sterility  by  rilling  it  up  every  day  with 
chloramine  paste. 

The  following  is  a  good  example  of  this  difficulty. 


Fig.  15.  Combination  roentgenogram  and  drawing  of  Case  4.  The  roent- 
genogram was  taken  after  removal  of  sequestra  and  necrosed  end  of  lower  frag- 
ment of  the  bone;  the  drawing  showing  the  operation  performed.  .1/.  /'..  medul- 
lary plug;  S.,  sequestra. 


Case  7. — Open  fracture  of  the  leg,  caused  by  a  horse's  hoof.  Infection.  Clos- 
ure of  the  wound  subsequent  to  operation  and  sterilization.  Ensufficienc)  of 
cutaneous  tissue. 
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J.  M.,  age  43;  wounded  August  17,  1916;  operated  upon  in  another  hospital  on 
August  18.     October  8  entered  Hospital  21,  fifty-one  days  after  being  injured. 

The  first  operation  was  an  osteosynthesis,  performed  with  a  Lambotte  plate 
which  was  removed  38  days  after  its  insertion. 

Examination. — On  the  middle  third  of  the  leg,  bordering  on  the  lower  third, 
there  was  a  cicatrix  measuring  20  centimeters  in  length  by  0.5  centimeter  in 
width,  the  lower  part  being  detached  by  the  distance  of  5  centimeters.  At  this 
spot,  the  surface  was  inflamed  and  suppurating.  Fracture  non-consolidated  and 
painful;  the  limb  was  cedematous.  Films  taken  from  the  tissues,  stained  violet 
by  an  antiseptic,  showed  but  few  bacteria.  The  roentgenogram  (Fig.  24)  showed 
a  transverse  fracture  of  the  tibia  at  the  juncture  of  the  middle  and  lower  third. 
The  fracture  of  the  fibula  was  situated  2  centimeters  higher.     The  fragments  of 


Fig.  16  (at  left).     Case  5.     Wound  of  upper  third  of  arm  and  in  axillary  region. 
Fig.  17.     Wound  sutured. 


the  tibia  were  placed  end-to-end.  Several  annulary  sequestra,  corresponding  to 
the  screws  of  the  plate  of  Lambotte,  could  be  distinctly  seen  in  the  bone  ends. 
Disinfection  with  10  per  cent  chloramine  paste. 

Rapid  cicatrization,  except  at  the  level  of  three  fistulas  leading  to  a  portion  of 
exposed  bone.  The  narrowness  of  these  fistula?  made  it  impossible  to  take  the 
secretions  for  examination. 

Operation. — On  November  13  the  scar  and  the  granulations  were  excised.  The 
periosteum  was  ruginated  at  both  ends  of  the  bone,  these  being  connected  by 
means  of  fibrous  tissue,  whereupon  the  circular  orifices  corresponding  to  the  roent- 
genogram were  disclosed.  Each  of  these  openings  was  surrounded  by  a  dark 
bony  shell,  which  was  cylindrical  and  mobile.     These  two  bone  ends  were  hollowed 
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out,  and  the  intermediary  fibrous  tissue  was  removed,  ami  by  this  means  a  regular 
drainage  canal  was  obtained,  formed  by  the  two  bone  segments. 

Flushing  every  two  hours  with  Dakin's  solution  (Fig.  25). 

The  following  evening  the  temperature  was  3S°C.  The  bacteria,  which  on  No- 
vember 14  were  infinite  in  number,  rapidly  diminished  (Fig.  27).  The  focus  was 
sterile  on  November  26.     Closure  on  December  6.     The  skin  although  taken 


Fig.  18.     Combination  roentgenogram  and  drawing.  Case  5,  showing  fracture 
of  the  humerus  and  operation  performed.     .1/.  P.,  Medullary  plug;  .V.  sequestra. 

from  remote  parts,  was  unable  to  cover  the  middle  portion  of  the  wound.  A 
section.  5  centimeters  in  length,  at  the  site  of  the  old  fracture,  remained  open. 
The  bone  cavity  was  filled  with  chloramine  paste.  On  each  succeeding  day  alter 
the  operation  the  paste  was  renewed.  Complete  cicatrization  twenty  days  alter 
closing  the  wound  (Fig.  26). 

It  is  probable  that  in  the  case  <•!"  very  old  fractures  a  considerable 
amount  of  difficulty  would  be  encountered  in  covering  the  operated 
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surfaces  with  healthy  skin  but  our  investigation  has  not  yet  been 
extended  to  this  point,  and  was  confined  to  a  case  eight  months  old 
at  the  time  when  surgical  intervention  was  applied.     In  this  case  it 
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Fig.  19.     Bacteriological  curve  from  films  of  the  wound  in  Case  5. 

was  found  possible  to  procure  a  sufficient  quantity  of  autoplastic 
tissue  for  the  purpose  of  covering  the  wound. 


Fig.  20  (at  top).     Wound  of  the  inner  surface  of  right  leg  and  thigh,  Case  6. 
Fig.  21.     Wound  sutured  over  an  adipose  graft. 
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Case  8. — Infected  shell  fracture  of  the  femur,  eight  months  old.  Operation. 
Sterilization.     Closure  of  wound  thirty-six  days  after  operation. 

J.  A.,  age  26;  wounded  March  13,  1916;  operated  on  in  a  first  line  ambulance. 
Transferred  to  Hospital  21. 


Fig.  12.     Roentgenogram  showing  fracture  of  right  tibia. 
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Fig.  23.     Bacteriological  curve  of  films  from  Case  6. 
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Examination. — November  5.  At  the  juncture  of  the  middle  and  lower  thirds 
of  the  right  femur  there  was  a  large  callus.  The  tissues  showed  two  adherent 
scars,  one  antero-internal,  the  other  postero-external.  Each  of  these  scars  dis- 
closed a  fistula  through  which  the  denuded  bone  could  be  reached  with  the  probe. 

The  roentgenograms  (Figs.  28  and  29)  showed  a  deviation  of  the  axis  of  the 
hone.     The  ends  of  the  bone  were  covered  by  periosteal  callus.     A  side  view 


Fig.   24.     Roentgenogram   showing  transverse  fracture  of  tibia  and  fibula, 
Case  7. 


Fig.  25   (at   top).     Wound  of  leg,  Case  7. 
Fig.  26.     Wound  closed. 
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showed  that  between  the  fragments  there  was  a  rarefaction  of  bone  tissue  corre- 
sponding to  osteitis  of  the  callus.  In  both  the  callus  and  the  surrounding  muscu- 
lar parts  small  metallic  fragments  were  discernible. 

Both  fistulae  contained  a  large  number  of  bacteria  (Fig.  30). 


1916 

,  YOV                                 DLC 

C*3 

60 

k 
%  . 

R   o 

5    / 

'A 

/" 

Ho 

11 

.' 

16 

18  \2Gte2\2f\26 

ZMQ2.  -!■ 

jjf 

1  1 

1 

VI 

1 

\  i 

K 

•       \ 

1         1 

\    y 

\   / 

Fig.  27.     Bacteriological  curve  of  films  in  Case  7. 

Operation. — November  16.  Vertical  incision  with  excision  of  the  walls  of  the 
antero-internal  fistula.  Liberation  by  means  of  the  rugine  of  the  inner  side  of 
the  callus.  The  bony  opening  of  the  fistula  was  enlarged  with  the  gouge  and 
mallet.  Next,  a  funnel-shaped  opening  was  made  in  the  callus  by  means  of  the 
gouge-forceps,  until  the  zone  of  osteitis  was  reached,  which  in  the  side  view  of  the 


Fig.  28  (at  left).     (      i  v-     Roentgenogram  showing  fracture  of  femur. 
!9.    Case  8.     Ro<  i .'ur<  nogram  showing  fracture  of  femur. 
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roentgenogram  appeared  as  a  light  spot.  This  procedure  was  repeated  in  the 
case  of  the  postero-external  fistula,  and  by  this  means  one  single  and  regular 
bone  cavity  was  formed,  terminating  in  healthy  bone  and  opening  widely  to  both 
sides  of  the  thigh. 

Flushing  every  two  hours  with  Dakin's  solution. 
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Fig.  30.     Bacteriological  curves  from  films  in  Case  8. 


Fig.  31.     (at  top).     Case  8.     Antero-internal  wound  of  thigh. 
Fig.  32.     Case  8.     Postero-external  wound  of  thigh,  closed. 
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After  December  3,  the  antero-internal  wound  (Fig.  31)  rapidly  became  sterile 
The  postero-external  wound  was  sterile  on  December  17. 

Closure. — On  December  22,  the  postero-external  wound  had  become  linear  in 
shape  and  closed  up  spontaneously  (Fig.  32).  The  antero-intemal  wound  was 
finally  sutured  with  horsehair. 
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heliotropic  animals  as  photometers  ox  the 

basis  of  the  validity  of  the  bunsen- 

roscoe  Law  for  heliotropic 

reactions. 

By  JACQUES  LOEB  and  JOHN  H.  NORTHROP. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Communicated,  July  25,  1917.) 

While  it  was  customary  to  express  animal  instincts  in  terms  of 
human  behavior,  one  of  us  many  years  ago  began  to  replace  this  an- 
thropomorphic method  by  the  objective  and  quantitative  methods 
of  the  physicist.  These  methods  were  most  easily  applicable  in  the 
case  of  those  instincts  familiar  to  every  layman  in  which  animals  were 
apparently  attracted  or  repelled  by  light.  Loeb1  was  able  to  express 
the  effect  of  light  in  these  cases  in  the  following  terms:  Certain  ani- 
mals are  compelled  automatically  to  orient  their  body  in  such  a  way 
that  symmetrical  elements  of  their  photosensitive  surface  are  struck 
by  light  of  the  same  intensity.  In  that  case  the  tension  and  energy 
production  in  the  symmetrical  muscles  of  both  sides  of  the  body  are 
equal  and  there  is  no  reason  for  the  animal  to  deviate  from  this  di- 
rection of  its  motion.  If,  however,  the  symmetrical  photosensitive 
elements  (e.g.,  the  eyes)  receive  unequal  illumination  the  tension  or 
energy  production  of  the  symmetrical  muscles  is  no  longer  the  same 
and  the  animal  is  automatically  turned  until  its  orientation  is  again 
such  that  symmetrical  photosensitive  elements  receive  the  same 
amount  of  light. 

It  was  obvious  from  the  observations  that  this  reaction  was  a  func- 
tion of  the  constant  intensity  of  light  and  Loeb  assumed  that  it  was  a 
photochemical  effect  and  that  the  function  was  probably  the  law  of 
Bunsen  and  Roscoe,  whereby  the  effect  equals  the  product  i  /.  where 
i  is  the  intensity  of  light  and  /  the  duration  of  illumination.2 

The  proof  for  the  correctness  of  this  view  was  furnished  for  the 
heliotropic  curvatures  of  the  hydroid  Eudendrium  by  Loeb  and  Ewald1 
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and  by  Loeb  and  Wasteneys.4  The  authors  could  show  that  if  the 
intensity  of  light  was  lowered  the  time  required  to  call  forth  the  helio- 
tropic  curvatures  of  the  polyps  had  to  be  increased  in  such  a  way  as 
to  keep  the  product  i  t  constant. 

A  second  proof  was  furnished  by  Ewald5  who  showed  that  when 
constant  illumination  was  replaced  by  an  intermittent  one  the  same 
effect  could  only  be  produced  when  the  product  of  time  of  exposure 
and  intensity  of  intermittent  light  was  the  same  as  that  of  a  constant 
light.  Ewald  worked  on  the  orientation  of  the  eye  of  Daphnia  to 
light.  This  crustacean  turns  its  eye  to  the  light  and  when  the  eye 
is  under  the  influence  of  two  lights  of  equal  intensity  the  eye  is  turned 
in  a  direction  at  right  angles  to  the  line  connecting  the  two  lights. 
By  keeping  the  one  light  constant,  the  other  intermittent  (through 
rotating  a  disk  with  a  sector  cut  out  in  front  of  it)  Ewald  found  that 
the  two  lights  acted  in  an  equal  way  when  the  product  i  t  in  both 
cases  was  equal. 

The  experiments  of  Eudendrium  as  well  as  Ewald's  experiments 
are  tedious  and  it  seemed  desirable  to  have  a  simpler  method  for  the 
verification  of  this  law.  Bradley  M.  Patten6  in  working  on  the  helio- 
tropic  reactions  of  the  larva  of  the  blowfly  (which  is  negatively 
heliotropic)  determined  the  path  of  the  animals  under  the  influence  of 
two  different  sources  of  light  striking  the  animals  simultaneously. 
Theoretically  the  animal  should  creep  in  such  a  direction  that  the 
intensity  of  illumination  on  both  sides  of  its  photosensitive  elements 
should  be  equal,  and  Patten  could  prove  that  for  each  ratio  of  the 
two  sources  the  path  was  a  definite  one.  By  rotating  a  wheel  with  a 
sector  cut  out  before  one  source  of  light  and  cutting  down  the  intensity 
of  the  other  by  a  slit  Patten  could  also  show  that  indeed  the  heliotropic 
effect  is  determined  by  the  product  of  intensity  into  duration  of 
illumination. 

"Using  the  apparatus  described,  one  of  the  beams  of  light  was 
cut  down  by  a  diaphragm  and  the  other  by  an  episcotister,  so  that 
the  light  coming  from  one  side  was  a  steady  beam  of  low  intensity, 
and  that  from  the  opposite  side  an  intermittent  beam  in  which  bright 
flashes  alternated  with  darkness.  The  apertures  in  the  sector  wheel 
were  adjusted  so  that  the  amount  of  light  from  each  source  was  equal 
for  a  unit  time.     It  has  already  been  established  that  when  the  lar- 
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vae  are  subjected  to  equal  steady  beams  of  light  from  opposite  direc- 
tions the  aggregate  response  is  almost  precisely  at  right  angles  to  the 
line  connecting  the  sources  of  light.  The  average  angular  deflection 
of  200  trails  at  equality  was  only  0.09°,  when  the  degrees  represented 
a  distance  of  but  1.5  mm.  If  the  Bunsen-Roscoe  law  holds  for  the 
phototactic  response  of  the  larvae,  they  should  orient  perpendicularly 
to  the  rays  of  light  when  subjected  to  the  action  of  steady  and  inter- 
mittent lights  of  equal  energy  per  second.  The  experimental  results 
based  on  136  trails  made  under  these  conditions  show  an  average 
angular  deflection  of  but  0.07°  from  the  perpendicular.  These  results 
seem  to  show  that  in  the  blowfly  larva  the  phototactic  reaction  fol- 
lows the  Bunsen-Roscoe  energy  law."7 

It  seemed  desirable  to  extend  the  proof  for  Loeb's  theory  of  animal 
heliotropism  and  especially  for  the  validity  of  the  Bunsen-Roscoe 
energy  law  to  other  forms  of  animals,  and  we  selected  for  the  purpose 
the  reactions  of  the  larvae  of  the  barnacle  which  were  already  utilized 
by  Groom  and  Loeb8  in  their  early  experiments  on  the  transformation 
of  positively  heliotropic  animals  into  negative  ones  and  vice  versa. 

These  larvae  move  in  a  straight  line  towards  or  away  from  a  single 
source  of  light,  and  when  two  lights  of  equal  intensity  are  given  they 
move  in  a  line  at  right  angles  to  the  line  connecting  the  two  lights. 
These  animals  are  small  and  can  be  obtained  in  large  numbers. 
They  were  made  to  collect  in  the  corner  of  a  dish  with  a  little  sea 
water  and  were  then  sucked  up  into  a  pipette  which  was  blackened 
with  the  exception  of  the  opening.  When  such  a  pipette  is  put  into 
a  glass  dish  with  parallel  walls  whose  bottom  is  black  (by  putting 
paraffin  blackened  with  lamp  black  at  the  bottom  of  the  dish)  the 
larvae  will  flow  out  in  a  fine  stream  and  swim  when  they  arc  positively 
heliotropic  in  a  straight  line  towards  the  source  of  light.  They  thus 
form  a  rather  narrow  white  trail  on  the  dark  bottom  and  it  is  possible 
to  measure  the  angle  of  this  trail  with  the  line  connecting  the  two 
lights.  In  this  way  in  each  observation  the  trail  of  thousands  of  in- 
dividuals is  measured.  By  using  one  constant  and  one  intermittent 
source  of  light  and  comparing  the  results  with  those  obtained  by  two 
constant  lights  we  can  test  the  validity  of  the  Bunsen-Ros<  oe  law. 

The  method  of  the  experiments  was  as  follows:  abed  (fig.  1)  is  a 
square  dish  of  optical  glass  with  blackened  bottom  and  containing  a 
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layer  of  sea  water.  A  and  B  are  two  lights,  the  intensity  of  which  is 
determined  by  a  Lummer-Brodhun  contrast  photometer.  In  front 
of  each  light  is  a  screen  with  a  round  hole  permitting  a  beam  of  light 
to  go  to  the  dish.  The  lights  and  the  dish  abed  are  so  adjusted  that 
the  two  beams  of  light  striking  the  sides  a  b  and  b  c  at  right  angles 
cross  each  other  in  the  middle  of  the  dish.  The  light  A  is  fixed  while 
the  light  B  is  movable  on  an  optical  bench.     The  experiment  is  made 


A 
o 


o  B 


Fig.  1. 


in  a  dark  room  and  the  lights  A  and  B  are  enclosed  in  a  box.  At  the 
beginning  of  the  experiments  the  pipette  is  filled  with  a  dense  suspen- 
sion of  larvae  in  sea  water  and  then  put  with  its  point  touching  the 
bottom  of  the  dish.  The  animals  flow  out  in  a  fine  stream  which  is 
narrow  at  the  opening  of  the  pipette  and  widens  slightly,  owing  prob- 
ably to  the  negative  stereotropism  of  the  animals.  A  glass  plate 
(fig.  2)  h  i  k  I,  which  has  a  strong  red  line  n  o  and  a  fine  parallel 
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line  p  g  (cut  with  a  diamond)  is  then  put  on  the  dish  and  so  ad- 
justed that  p  g  is  in  the  middle  of  the  stream  /  g  of  the  animals. 
Then  the  angle  a  which  p  g  makes  with  the  perpendicular  from 
A  on  a  b  is  measured.  This  perpendicular  is  marked  in  the  form 
of  a  red  line  on  the  black  base  on  which  the  glass  vessel  abed 
stands.  The  angle  a  is  measured  with  a  goniometer.  When  the 
lights  are  equal  in  intensity  a  should  be  45°;  if  the  two  lights  have 
different  intensities  and  if  A  be  the  stronger  light  a  should  become 
smaller  with  increasing  difference  in  intensity.  The  individual 
measurements  vary  comparatively  little,  as  long  as  the  difference  in 
the  intensity  of  the  two  lights  is  not  too  great;  for  this  reason  our 
observations  do  not  go  beyond  a  wider  ratio  of  the  two  lights  than 
10:1.  Table  1  gives  the  results.  A  is  al- 
ways the  stronger  light.  Each  table  is  the 
average  of  from  40  to  60  individual  obser- 
vations, each  being  the  average  of  the  path 
of  many  thousands  of  animals. 

In  the  next  series  of  experiments  an 
opaque  rotating  disk  with  one  sector  cut 
out  was  placed  before  light  B.  In  one  set 
of  experiments  the  sector  cut  out  was  90°. 
The  rate  of  rotation  (by  an  electric  motor) 
was  1,500  to  2,500  revolutions  per  minute. 

The  other  light  was  constant  and  its  position  was  chosen  on  the 
assumption  of  the  validity  of  the  Bunsen-Roscoe  law  for  these  cases. 
Thus  when  the  two  lights  without  sector  were  equal  at  a  given  dis- 
tance of  A,  by  putting  the  90°  sector  before  B,  it  was  assumed  that 
the  ratio  of  effects  would  be  the  same  as  if,  with  constant  light,  B 
had  been  placed  at  the  double  distance  and  the  ratio  of  intensities 
of  the  two  lights  had  been  4:1.  Going  on  such  a  calculation  we 
should  expect  the  same  values  for  a  as  in  Table  1 . 

As  one  sees  the  observed  values  are  slightly  smaller  but  practi- 
cally identical  with  the  values  obtained  when  the  two  lights  are  con- 
stant. The  deviation  is  probably  due  to  the  fact  that  the  photo- 
chemical efficiency  of  an  intermittent  light  is  a  trifle  less  than  that 
calculated  on  the  basis  of  the  Bunsen-Roscoe  law.9 
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TABLE   1. 


Value  of  a  for  different  ratios  of  intensities 
of  the  two  lights. 


Ratio  of  the  two  lights 

Value  of  a  (direction  of  path) . 


1:1 

45.6° 


2:1 
40° 


4:1 

34.4° 


10:1 

28.8° 


TABLE    2. 


Value  of  a  when  one  light  is  intermittent  (90°  sector)  and 
the  other  constant  and  the  efficiency  of  the  two  lights  is 
calculated  on  the  basis  of  the  validity  of  the  Bunsen- 
Roscoe  photochemical  law. 

Ratio  of  the  two  lights 

Value  of  a 

1:  1 

44.2° 

2:  1 
38.3° 

4:  1 
34.1° 

We  carried  out  some  experiments  with  a  sector  of  144°.  When  the 
efficiency  of  both  lights  was  equal  on  the  assumption  of  the  validity 
of  the  Bunsen-Roscoe  law  a  was  found  to  be  44.9°  (instead  of  45°), 
and  for  the  ratio  2:1a  was  found  to  be  38.8°.  The  values  are, 
within  the  limits  of  error,  identical  with  the  values  in  Tables  1  and  2. 


SUMMARY. 

The  paper  gives  some  new  quantitative  experiments  proving  that 
the  'instinctive'  motions  of  animals  to  light  are  phenomena  of  auto- 
matic orientation  (heliotropism)  and  a  function  of  the  constant 
intensity  of  light;  the  exact  expression  of  the  function  being  the 
Bunsen-Roscoe  law  of  photochemical  action. 
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ON  THE  INFLUENCE  OF  FOOD  AND  TEMPERATURE 
UPON  THE  DURATION  OF  LIFE. 

By  JACQUES  LOEB  and  J.  H.  NORTHROP. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  September  4,  1917.) 

/.  Introductory  Remarks. 

In  order  to  find  out  the  nature  of  the  causes  which  determine  the 
natural  duration  of  life  of  metazoa  a  quantitative  method  is  required, 
which  permits  us  to  represent  the  duration  of  life  as  the  numerical 
function  of  one  variable.  Starting  from  the  idea  that  chemical  con- 
ditions in  the  organism  are  one  of  the  main  variables  in  this  case,  one 
of  us  raised  the  question  whether  there  was  a  definite  temperature 
coefficient  for  the  duration  of  life  and  whether  this  temperature  co- 
efficient was  of  the  order  of  magnitude  of  that  of  a  chemical  reaction.1 
The  first  experiments  were  made  on  the  unfertilized  and  fertilized 
eggs  of  the  sea  urchin  and  could  only  be  carried  out  at  the  upper  tem- 
perature limits  of  the  organism,  since  at  ordinary  temperatures  this 
organism  lives  for  years.  In  the  upper  temperature  region  the  tem- 
perature coefficient  for  the  duration  of  life  was  very  high,  probably  on 
account  of  the  fact  that  at  this  upper  zone  of  temperature  death  is 
determined  by  a  change  of  the  nature  of  a  coagulation  or  some  other 
destructive  process.  Moore,2  at  the  suggestion  of  Loeb,  investigated 
the  temperature  coefficient  for  the  duration  of  life  for  the  hydranth 
of  a  tubularian  at  the  upper  temperature  limit  and  found  that  it  was 
of  the  same  order  of  magnitude  as  that  previously  found  for  the  sea 
urchin  egg.  In  order  to  prove  that  there  is  a  temperature  coefficient 
for  the  duration  of  life  throughout  the  whole  scale  of  temperatures 
at  which  an  organism  can  live  experiments  were  required  on  a  form 
whose  duration  of  life  was  short  enough  to  measure  the  duration  of 

1  Loeb,  J.,  Arch.  ges.  Physiol.,  1908,  cxxiv,  411. 

2  Moore,  A.  R.,  Arch.  Entuxklngsmcchn.   Organ.,  1910,  xxix,  287. 
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life  even  at  the  lowest  temperatures.  Organisms  especially  fit  for 
this  purpose  are  insects. 

We  selected  for  this  purpose  the  fruit  fly  {Drosophila)  which  can 
easily  be  raised  in  large  numbers  on  a  suitable  culture  medium  in 
Erlenmeyer  flasks.  Since  MetchnikofI  pointed  out  that  the  poisons 
produced  by  bacteria  in  the  intestine  may  shorten  the  duration  of 
life  it  was  necessary  to  work  with  flies  whose  whole  body  (the  intes- 
tine included)  was  entirely  free  from  microorganisms.  We  suc- 
ceeded in  producing  such  cultures  of  flies  free  from  all  microorganisms 
with  the  aid  of  a  combination  of  methods  introduced  by  Bogdanow3 
and  by  Delcourt  and  Guyenot.4  Such  flies  will  be  designated  as 
"aseptic."  We  have  already  published  a  preliminary  report  on 
some  of  our  experiments5  and  intend  to  give  in  this  paper  the  full 
results  of  our  investigations. 

The  results  published  on  aseptic  flies,  i.e.,  flies  free  from  microor- 
ganisms, in  the  preliminary  paper,  were  as  follows. 

1.  With  a  supply  of  proper  and  adequate  food  the  duration  of  the 
larval  stage  is  an  unequivocal  function  of  the  temperature  at  which 
the  larvae  are  raised,  and  the  temperature  coefficient  is  of  the  order 
of  magnitude  of  that  of  a  chemical  reaction,  i.e.,  about  2  or  more  for  a 
difference  of  10°C.  It  increases  at  the  lower  and  is  less  at  the  higher 
temperatures. 

2 .  The  duration  of  the  pupal  stage  of  the  fly  is  also  an  unequivocal 
function  of  the  temperature  and  the  temperature  coefficient  is  for 
each  temperature  practically  identical  with  that  for  the  larval  stage. 

3.  The  duration  of  life  of  the  imago  is,  with  proper  food,  also  an 
unequivocal  function  of  the  temperature  and  the  temperature  coef- 
ficient for  the  duration  of  life  is  within  the  normal  temperature  limits 
approximately  identical  with  that  for  the  duration  of  the  life  of  the 
larva  and  pupa. 

From  this  approximate  identity  of  the  temperature  coefficients  for 
the  three  stages  of  the  life  of  the  fly  we  drew  the  conclusion  that  the 

3  Bogdanow,  A.  E.,  Arch.  Physiol,  1908,  Suppl.,  173. 

4  Delcourt,  A.,  and  Guyenot,  E.,  Bull.  Sc.  France  et  Belg.,  1911,  xlv,  249. 
Guyenot,  Recherches  experimentales  sur  la  vie  aseptique  et  le  developpement  d'uD 
organisme  en  fonction  du  milieu,  These  de  Paris,  1917. 

6  Loeb,  J.,  and  Northrop,  J.  H.,  Proc.  Nat.  Acad.  Sc,  1917,  iii,  382. 
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limiting  factor  for  the  duration  of  each  of  the  three  stages  is  a  process 
affected  in  the  same  way  by  the  temperature.  If  it  be  true  that  this 
terminating  factor  for  the  larval  or  pupal  stage  is  the  production  of  a 
certain  type  of  substance  in  sufficient  quantity  (as  suggested  by  the 
influence  of  thyroid  substance  on  the  termination  of  the  tadpole  stage 
in  the  frog)  or  the  removal  of  an  inhibiting  substance,  it  follows  that 
a  similar  cause  may  be  likely  to  exist  for  the  termination  of  the  last  stage 
in  life  or  for  the  duration  of  life. 

In  this  paper  we  will  discuss  more  fully  the  influence  of  the  two 
main  factors  determining  the  duration  of  life,  namely,  food  supply 
and  temperature. 

77.  Influence  of  Different  Kinds  of  Food  on  the  Duration  of  Life  of 

the  Imago. 

In  some  insects  the  imago  takes  up  no  food  (as,  e.g.,  in  the  silk 
worm)  but  the  duration  of  the  life  of  the  imago  of  the  fruit  fly  de- 
pends on  the  nature  of  the  food,  though  in  an  altogether  different 
way  from  that  of  the  larva.  The  growth  of  the  insect  takes  place  in 
the  larval  stage  while  neither  the  pupa  nor  the  imago  grows.  It  was 
found  that  while  the  larvae  cannot  grow  on  "glucose-agar"6  unless 
yeast  is  added,  the  imago  can  live  as  well  on  "glucose-agar"  alone 
as  when  yeast  is  added.  This  difference  need  not  surprise  us  since  the 
larva  needs  food  containing  all  the  building  stones  required  for  the 
synthesis  of  the  compounds  of  its  body  while  the  imago,  which  does 
not  grow,  can  live  on  food  which  is  lacking  in  certain  ("accessor)"?) 
substances  found  in  the  yeast,  presumably  because  such  accessory 
substances  are  no  longer  needed  in  the  fully  grown  organism  or  are 
needed  in  such  small  quantities  that  they  can  be  supplied  by  the 
hydrolytic  processes  going  on  in  its  own  cells. 

Larvae  were  raised  on  yeast  at  room  temperature  and  the  newly 
hatched  flies  were  then  put  immediately  after  hatching  upon  different 

6  "Glucose-agar,"'  which  proved  an  excellent  culture  medium  for  the  flies  in  our 
experiments,  had  the  following  usual  composition.  1  pound  of  beef  was  freed  from 
fat,  put  into  1  liter  of  water,  and  placed  in  the  refrigerator  over  night;  boiled  30 
minutes,  filtered,  20  gm.  of  agar  were  added,  and  boiled  till  dissolved;  10  gm.  of 
peptone  added  and  boiled  20  minutes;  neutralized  to  phenolphthalein,  boiled  7 
minutes,  cooled  to  60°;  2  eggs  added,  filtered,  20  gm.  of  glucose  added. 
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culture  media  and  the  duration  of  life  was  noticed.  All  experiments 
were  made  with  aseptic  flies  under  aseptic  conditions  in  thermostats 
at  25°  and  30°  respectively. 

It  was  found  (Table  I)  that  on  agar  alone  or  on  agar  with  the 
necessary  salts  the  imagos  lived  less  than  2  days  at  25°  while  if  dex- 
trose and  salts  were  added  to  the  agar  they  lived  over  8  days  at  25°, 
and  on  "glucose-agar"  they  lived  28.5  days  at  the  same  temperature. 
As  the  experiment  for  30°  shows,  they  lived  as  long  on  "glucose- 
agar"  alone  as  when  yeast  was  added. 

TABLE    I. 
Effect  of  Food  on  Duration  of  Life  of  the  Imago  (Both  Sexes). 


3© 

_ .,-— © 

662 

2°  2 
u  t-  -n  ^   . 

---©8 

"Glucose-agar." 

"s  s 

Food. 

a. 

b. 

e  s=© 

«  =© 

c  -*  — 

a  +  - 

Temperature 

25° 

25° 

25° 

25° 

30° 

30° 

Average    duration    of 
life,  da\s 

1.92 

1.75 

8.25 

28.5 

13.7 

13.1 

TABLE    II. 
.Ejfec/  o/  Sex  (30°,  "Glucose- A  gar"  Food). 


Sex. 


Duration  of  life,  Jays. 


cfc?     99 


13.1 


dV 


15.7 


99 


13.3 


In  these  experiments  both  sexes  were  used.  It  was  found  that  the 
isolated  males  lived  a  little  longer  than  the  isolated  females  or  the 
males  when  mixed  with  females  (Table  II).  "Glucose-agar"  served 
as  food. 


77/.  Influence  of  Temperature  on  the  Duration  of  tlie  Larval  Period. 

For  these  experiments  the  aseptic  cultures  were  kept  in  water- 
jacketed  incubators  regulated  to  within  ±0.1°C.,and  containing  water 
so  that  the  humidity  was  always  about  100  per  cent.     The  cultures  of 
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aseptic  larvae  were  made  in  120  cc.  Erlenmeyer  flasks  containing  10 
gm.  of  yeast,  15  cc.  of  water,  and  absorbent  cotton.  Slight  varia- 
tions in  the  amount  of  water,  cotton,  etc.,  do  not  affect  the  rate  of 
growth.  The  flasks  were  sterilized  in  the  autoclave  for  30  minutes. 
Aseptic  flies  of  both  sexes  were  put  in  and  allowed  to  remain  15  hours 
at  room  temperature,  during  which  time  a  number  of  eggs  were  laid. 
The  flies  were  then  removed  by  the  aseptic  method  devised  by  Dela- 
court  and  Guyenot  and  the  flasks  with  the  eggs  put  into  an  incubator. 
The  larvae  hatch  in  a  few  hours  after  the  eggs  are  laid,  and  at  the 
time  the  flies  were  removed  from  the  flask  most  of  the  larvae  had  al- 
ready hatched.  The  duration  of  the  life  of  the  larvae  was  reckoned 
from  the  time  the  eggs  were  placed  in  the  incubator  to  the  time  the 
pupae  were  formed.  Six  to  ten  cultures  were  made  for  each  tempera- 
ture. The  figures  in  Table  III  are  the  sums  of  the  number  of  pupae 
forming  in  the  separate  flasks  on  the  day  noted.  In  computing  the 
averages  for  the  time  required  to  reach  the  pupal  stage  the  middle  of 
the  interval  at  which  the  pupae  were  formed  was  used;  i.e.,  if  48  pupae 
formed  between  the  4th  and  5th  day  they  were  all  considered  to  have 
taken  4.5  days  to  form. 

We  could  not  well  use  temperatures  lower  than  10°  since  the  pupae 
did  not  hatch  at  that  temperature  and  it  was  obvious  that  the  growth 
of  the  larva  was  no  longer  normal.  Temperatures  above  27.5°  no 
longer  accelerated  growth. 

If  we  compute  from  these  values  the  temperature  coefficient  Qi0  for 
the  larval  period  (Table  IV,  Qi0)  we  find  that  it  is  of  the  order  of 
magnitude  of  that  of  a  chemical  reaction,  namely,  2  or  more  for  a 
difference  of  10°C.  The  temperature  coefficients  show,  however,  the 
irregularities  characteristic  of  all  the  temperature  coefficients  for  life 
phenomena,  namely,  increasing  at  the  lower  limit  and  diminishing  at 
the  higher  limit.  This  peculiarity  appears  also  in  ordinary  chemical 
reactions,  but  to  a  much  less  degree;  but  it  appears  more  approxi- 
mately to  the  same  extent  as  in  life  phenomena  in  chemical  reactions 
catalyzed  by  enzymes.  It  seems  more  natural  to  assume,  as  has 
been  done  by  Arrhenius  and  others,  that  these  deviations  in  the  tem- 
perature coefficients  are  due  to  secondary  effects  of  the  temperature 
{e.g.,  upon  viscosity  or  the  state  of  aggregation  of  catalyzer  or  the 
injury  to  the  catalyzer  or  some  other  variable)  than  to  conclude  that 
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the  temperature  coefficient  does  not  indicate  a  chemical  (enzyme) 
reaction. 

It  is  well  known  that  at  the  upper  temperature  limits  the  tempera- 
ture coefficient  of  enzyme  reactions  falls  off  again  when  the  temper- 

TABLE    III. 
Influence  of  Temperature  on  Duration  of  Larval  Period  of  Drosophila. 


Days  elapsed  after  hatching 
of  egg. 

Number  of  pups  formed  at 

25° 

Day  counted. 

Average  time. 

10°* 

15°* 

20°* 

27.5°** 

30.0°* 

31.50** 

a.* 

b." 

1-  2 

1.5 

2-  3 

2.5 

3-  4 

3.5 

4 

156 

93 

63 

4-  5 

4.5 

53 

29 

105 

129 

333 

5-  6 

5.5 

137 

18 

12 

6 

254 

6-  7 

6.5 

47 

78 

52 

7-  8 

7.5 

65 

36 

8-  9 

8.5 

68 

9-10 

9.5 

16 

13-14 

13.5 

2 

15-16 

15.5 

13 

17-18 

17.5 

27 

19-20 

19.5 

14 

21-22 

21.5 

6 

39-48 

43.5 

5 

49-58 

53.5 

20 

59-68 

63.5 

13    < 

► 

69-78 

73.5 

3 

Total  number  of  pupae 

41 

62 

196 

304 

51 

273 

228 

702 

Average  duration  of    larval 

period  in  days  (from    egg 

to  pupation) 

57.0 

17.8 

7.77 

5.82 

4.76 

4.15 

4.12 

4.92 

*  Flies  used  were  of  the  20th  to  22nd  aseptic  generation. 
**  Flies  used  were  of  the  29th  to  31st  aseptic  generation. 

ature  rises  beyond  a  certain  point.  We  were  interested  to  know 
whether  the  same  was  true  for  the  duration  of  the  larval  stage  of 
the  fruit  fly,  and  found  this  to  be  the  case  (Table  IV,   flies  of  the 
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30th  to  32nd  aseptic  generation).  On  account  of  this  probably  sec- 
ondary effect  of  the  temperature  the  curve  for  the  rate  of  larval  de- 
velopment (  the  reciprocal  value  of  the  duration  — —  J  becomes  from 

10  to  30°  (Fig.  1)  almost  a  straight  line;  and  from  25  to  31.5°  (Fig.  2) 
a  curve  concave  on  the  lower  side  similar  to  that  found  for  many 
simple  enz}-me  reactions. 

TABLE    IV. 

Effect  of  Temperature  on  Rate  of  Groii'th  of  Aseptic  Larva:  (Fed  on  Yeast). 


Temperature. 

Days  required  to  reach 
the  pupal  stage. 

Rate!,.       ) 
Uime/ 

Qio 

Flies  of  the  20th  to  22nd 

aseptic  geneiation. 

°C. 

10 

57    (pupae   do   not 
emerge). 

1.75 

} 

10.0 

15 

17.8 

5.62 

) 

\ 
J 

4.0 

20 

7.77 

12.85 

} 

1.78 

25 

5.82 

17.2 

J 

} 

1.99 

30 

4.12 

24.25 

J 

Flies  of  the  30th  to  32nd 

aseptic  generation. 

21.0 

^ 

25 

4.76 

) 

1.74 

27.5 

4  15 

24.1 

) 

} 

-1.58 

31.5 

4.92 

20.3 

) 

We  noticed  that  the  duration  of  the  larval  stage  for  the  20th  to 
22nd  generation  of  aseptic  flies  was  slightly  longer  than  for  the  30th 
aseptic  generation  and  this  was  true  for  all  temperatures  and  for  all 
the  stages.     We  cannot  account  for  this  difference  at  present. 

IV.  Influence  of  Temperature  on   the  Duration   of  the  Pupal  S 

Table  V  contains  the  data  for  determining  the  influence  of  tempera- 
ture on  the  duration  of  the  pupal  stage.  The  stage  terminates  with 
the  emergence  of  the  imago  from  the  cocoon.     If  we  determine  the 
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10Q_ 
TTME 


RATE  = 
25 

20 

15. 

10. 


BATE  Of  GROWTH  OF  LARVAE 


/ 


/ 


/ 


/ 


TEMPERATURE  10°        15°        20°       25°       30°       35 

Fig.  1. 


RATE 
100 
TIME 


240 


210. 


RATE  OF  GROWTH  OF  LARVAE 


TETTPERATURE  25 


Z7.5 


30.5°   515' 


Fig.  2. 
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time  from  the  laying  of  the  eggs  to  the  emergence  of  the  imago,  and 
deduct  from  this  the  time  from  egg  to  beginning  of  pupation  (Table 
III),  we  get  the  influence  of  temperature  on  the  duration  of  the  pupal 
stage.  The  temperature  coefficient  and  the  rate  of  development  for 
the  different  temperatures  are  given  in  Table  VI.  In  Fig.  3  the  rate 
curve  is  plotted  which  is  again  between  15  and  30°  approximately  a 
straight  line. 

table  v. 

Egg-Imago  and  Pupal  Period. 


Number  of  i 

magos  whic 

h  emerge  at 

Number  of  days  after  larvae  emerge  from  egg. 

15°* 

20°' 

25°» 

27. S0'* 

30°* 

1.5 

2.5 

3.5 

4.5 

5.5 

6.5 

58 

30 

7.5 

205 

114 

8.5 

6 

17 

39 

9.5 

151 

10.5 

129 

11.5 

4 

23 

12.5 

21 

13.5 

36 

14.5 

24 

15.5 

21 

16.5 

4 

17.5 

5 

28.5 

9 

30.5 

25 

32.5 

16 

34.5 

10 

36.5 

1 

Total  number  of  imagos 

61 

115 

309 

280 

183 

Number  of  davs  egg-imago 

31  5 

14.10 

10.05 

7  35 

7  55 

Number  of  days  egg-pupae  (Tabic  III). 
Duration  of  DUDa  stage 

17   s 

7.77 

5.82 

4    IS 

4.12 

13.7 

6.33 

4.23 

3.20 

3  4; 

pupa  siag 

*  20th  to  22nd  generation. 
**  30th  to  32nd  generation. 
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V.  Influence  of  Temperature  on  the  Duration  of  Life  of  the  Imago. 

Aseptic  larvae  were  raised  at  room  temperature  (18-20°)  on  yeast 
and  the  flies  were  removed  aseptically  from  the  culture  flasks  within 
15  hours  of  the  time  they  emerged.     They  were  placed  into  sterile 

TABLE    VI. 

Temperature  and  Rate  of  Development  of  Pupoz.     20th  to  22nd  Aseptic  Generation. 


Temperature. 

Days  as  pupae. 

Rate  (i£) 

Qio 

• 

°C. 

15 
20 

13.7 
6.33 

7.2 
15.8 

\ 

/ 
\ 
/ 
\ 
/ 

5.0 

2.24 

25 

4.23 

23.7 

1.53 

30 

3.43 

29.15 

RATE  = 
100 
TIME 


RATE  OF  DEVELOPMENT  OF  PUPAE 


TEMPERATURE    10 
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500  cc.  Erlenmeyer  flasks  containing  25  cc.  "glucose-agar."  This 
food  is,  as  stated,  perfectly  adequate  for  the  flies  but  is  inadequate 
for  the  larvae  which  cannot  develop  on  it  into  flies.  This  was  an 
important  point  in  the  method  of  our  experiments.  In  order  to  de- 
termine the  duration  of  the  life  of  the  imago  for  a  given  temperature  a 

TABLE   VII. 

Duration  of  Life  of  Imago  on  "Glucosc-Agar." 


10° 

15° 

20° 

25° 

30° 

Days. 

No.  of 
dead. 

Days. 

No.  of 
dead. 

Days. 

No.  of 
dead. 

Days. 

No.  of 
dead. 

Days. 

No.  of 
dead. 

17.5 

1 

1 

14.5 

1 

12.5 

6 

3 

31 

24.5 

2 

4 

24.5 

5 

22.5 

30 

8 

54 

31.5 

1 

0 

34.5 

14 

32.5 

20 

13 

66 

52.5 

1 

38.5 

1 

44.5 

.23 

42.5 

14 

18 

20 

59.5 

5 

45.5 

2 

54.5 

6 

23 

43 

66.5 

1 

52.5 

3 

28 

14 

73.5 

3 

59.5 

3 

80.5 

0 

66.5 

12 

87.5 

2 

73.5 

18 

94.5 

2 

80.5 

20 

101.5 

5 

87.5 

12 

108.5 

2 

94.5 

11 

115.5 

5 

101.5 

3 

122.5 

17 

108.5 

8 

129.5 

14 

115.5 

4 

136.5 

12 

122.5 

27 

143.5 

19 

129.5 

7 

150.5 

7 

136.5 

7 

157.5 

5 

164.5 

1 

Total  number  of  flies. . 

105 

143 

49 

70 

228 

Average  duration  of 

life,  davs 

120.5 

92.4 

40.2 

28.5 

13.6 

definite  number  of  flies  were  put  into  a  flask,  and  the  number  of  those 
which  died  was  ascertained  for  each  day.  These  flies  laid  eggs.  If 
the  larvae  hatching  from  these  eggs  had  been  able  to  develop  into  new 
flies  it  would  have  become  impossible  to  find  out  the  exa<  t  death  rate 
of  the  old  flies,  since  constantly  new  flies  would  have  been  added. 
This  source  of  error  was  avoided  by  using  "glucose-agar"  as  a  culture 
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medium  for  the  old  flies  on  which  the  eggs  laid  by  the  flies  during  the 
experiment  could  not  reach  the  imago  stage.  By  special  tests  (smears 
and  cultures  from  dead  flies)  it  was  ascertained  that  all  the  cultures 
used  in  the  experiments  remained  sterile  to  the  end  of  the  experiment. 
The  flasks  containing  the  flies  were  plugged  with  cotton.  Suf- 
ficient food  and  oxygen  were  present  since  cultures  containing  30 
to  40  flies  had  the  same  average  duration  of  life  as  those  containing 
10  to  15. 

TABLE   VIII. 

Duration  of  Life  of  Imago  on  "Glucose- A  gar." 


27.5° 

31.5° 

33.1° 

35° 

37.4° 

Days. 

No.  of 
dead. 

Days. 

No.  of 
dead. 

Days. 

No.  of 
dead. 

Days. 

No.  of 
dead. 

Min- 
utes. 

No. 

dead 
per  100. 

2 

10 

3 

21 

1.5 

48 

0.5 

61 

10 

9 

4 

13 

5 

22 

2.5 

40 

1.16 

27 

30 

37 

6 

14 

7 

43 

3.5 

17 

1.66 

27 

50 

25 

8 

10 

9 

40 

4.5 

9 

2.16 

2 

70 

26 

10 

14 

11 

7 

5.5 

1 

90 

4 

12 

9 

14 

15 

16 

28 

18 

6 

20 

1 

22 

3 

24 

3 

Total  number  of  flies. . 

126 

133 

115 

117 

101 

Average  duration  of 

life,  days 

11.1 

6.87 

2.41 

0.95 

0.032 

Five  to  ten  separate  cultures  were  used  at  each  temperature,  each 
containing  5  to  20  flies.  Several  cultures  with  relatively  few  flies 
in  each  were  used  since  it  was  more  convenient  to  count  the  number 
of  dead  flies  under  these  conditions.  The  time  was  reckoned  in  the 
same  way  as  for  the  larval  and  pupal  periods. 

Table  VII  gives  the  statistical  results  of  the  duration  of  life  of  the 
imago  on  "glucose-agar."  The  flies  used  were  of  the  20th  to  22nd 
aseptic  generation.  Table  VIII  gives  the  duration  for  the  upper 
limit  of  temperatures,  27.5-37.4°.     Both  sexes  were  used  indiscrimi- 
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nately  in  these  experiments.  In  Table  IX  the  average  results  are 
tabulated  and  the  temperature  coefficients  for  10°  are  given.  A  tem- 
perature of  10°  or  lower  is  harmful  for  the  organism,  as  are  tempera- 
tures above  30°.  In  Table  IX  the  temperature  coefficients  of  the 
duration  of  life  of  the  imago  are  computed  and  the  reciprocal  value  of 
the  duration  of  life— the  rate  at  which  an  animal  "gets  through" 
with  life — is  calculated.  If  we  plot  this  curve  (Fig.  4)  which  corre- 
sponds to  the  rate  curve  of  the  larval  and  pupal  stage  we  find  that  in 
the  case  of  tbe  imago  it  is  no  longer  a  straight  line  but  more  what  we 
should  expect  for  a  chemical  reaction  curve.     The  reason  that  Curve 
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TIME 


7 

6. 

5. 
4. 
3. 
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1. 


HALES  AND  FEHALES     20-22  GENERATION 


TEMFERATURE   10*        15°        20° 

Fig.  4. 


25' 


30° 


4  corresponds  more  to  a  chemical  reaction  curve  than  Curves  1  and 
3  is  that  the  rate  does  not  decrease  at  the  higher  temperature  limits. 
This  decrease  is  then  a  merely  secondary  phenomenon  but  it  is  respon- 
sible for  transforming  the  rate  curve  into  a  straight  line;  all  of  which 
corroborates  our  previous  statement  that  the  straight  line  character  of 
the  curve  does  not  militate  against  the  assumption  that  we  are  deal- 
ing in  all  three  curves  with  a  temperature  coefficient  of  the  order  of 
that  of  a  chemical  reaction. 
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TABLE  IX. 


Temperature  Coefficient  of  Duration  of  Life  of  Imagos.     Males  and  Females  Fed  on 

"Glucose-Agar." 


Temperature. 

Duration  of  life 
of  imago. 

»-  («) 

Qio 

20th  to  22nd  generation. 

"C. 

days 

10 

120.5 

0.83 

1 

}             1.70 

15 

92.4 

1.08 

J 

>             5.25 

20 

40.2 

2.49 

J 

\             1.99 

25 

28.5 

3.51 

J 

1             4.4 

30 

13.6 

7.35 
9.00 

J 

30th  to  32nd  generation. 

27.5 

11.1 

1 

>             3.3 

31.5 

6.87 

14.55 

) 

)         630 

33.1 

2.41 

41.50 

J 

}          137 

35 

0.95 

105.2 

J 

|           106 

37.5 

0.032 

3,125.0 

In  conclusion  we  will  give  in  Table  X  the  total  duration  of  life  and 
its  temperature  coefficients  for  the  temperatures  at  which  the  animal 
can  complete  its  cycle. 

VI.  The  Mortality  Curve. 

When  we  plot  the  number  of  flies  which  die  during  successive  days 
in  terms  of  percentage  of  the  original  number  of  flies  we  get  that 
curve  of  the  death  rate  usually  given  in  life  insurance  statistics, 
namely  a  probability  curve,  the  ascending  branch  of  which  is  a  little 
steeper  than  the  descending  branch.  The  death  rate  of  a  population 
of  aseptic  male  flies  on  "glucose-agar"  at  30°  is  thus  given  in  Fig.  5 
and  Table  XL 
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TABLE    X. 

Total  Duration  of  Life. 


Temperature. 

Total  duration  of  life. 

/■  100  \ 

Vtime7 

Qu 

°C. 

days 

15 

123.9 

0.81 

5.0 

20 

.        54.3 

1.84 

J 

)              3.0 

25 

38.5 

2.67 

) 

\             3.0 

30 

21.15 

4.65 

J 

Miss  Chick7  has  stated  that  bacteria  are  killed  by  disinfectants  at 
a  rate  corresponding  to  that  of  a  monomolecular  chemical  reaction, 
i.e.,  that  in  each  interval  of  time  the  same  percentage  of  individuals 
alive  at  this  time  is  killed.  She  was  probably  led  to  such  an  assump- 
tion by  the  fact  that  the  ascending  branch  of  the  mortality  curve  in 
her  experiments  was  generally  very  steep.  The  agencies  used  by  her 
for  killing  the  bacteria  were  so  powerful  that  the  ascending  branch 
became  almost  a  vertical  line,  thus  escaping  detection.  Hence  she 
noticed  usually  only  the  less  steep  descending  branch  which  could  be 
interpreted  as  a  monomolecular  curve  for  the  reason  that  her  experi- 
ments lasted  only  a  short  time.  In  Fig.  6  we  give  the  frequency  curve 
of  deaths  of  a  culture  of  males  for  a  very  high  temperature,  namely, 

TABLE    XI. 
Rate  of  Death  at  30°.     Males. 


Time. 

No.  of  dead. 

No.  of  dead  in  interval. 

Percentage  of 

original  number  dying 

in  interval. 

days 

3.5 

5 

4  a 

7.5 

19 

14 

13.5 

13.0 

60 

41 

18 

78 

18 

17  2 

23 

93 

15 

14  4 

28 

104 

11 

10.6 

7  Chick,  H.,  J.  Hyg.,  1910,  x,  237. 
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39.45°.  The  ascending  branch  of  the  curve  is  steeper  than  that  for 
the  lower  temperature  in  Fig.  5,  but  the  fact  that  we  are  dealing  with 
a  probability  curve  is  still  very  clear.  Table  XII  gives  the  observa- 
tions on  which  this  curve  is  based. 

The  fact  that  the  frequency  curve  of  deaths  is  that  of  a  probability 
curve  shows  that  the  difference  in  the  duration  of  life  of  different  indi- 


PER  CENT 
WHICH  DIE 
40. 


flATE  OF  DEATH        HALES       30« 


TIME  IN  MS 


23.0       28.0 


Fit 


viduals  for  the  same  temperature  is  due  to  individual  variation.  Inci- 
dentally it  may  be  stated  that  observations  on  the  rate  of  death  of 
Fundulus  embryos  under  the  influence  of  acids,  alkalis,  and  potassium 
salts  show  that  the  mortality  curve  in  these  cases  is  also  a  probability 
curve,  the  descending  branch  of  which  is  less  steep  than  the  ascending 
branch.  This  difference  may  possibly  be  ascribed  to  a  slight  adapta- 
tional  effect  of  the  destructive  agency. 
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30  to  40  flies  were  put  in  test-tubes  and  placed   in   a   water   bath   ke;> 
39.45°  =•=  0.02°,  then  taken  out  at  time  stated  and  left   at  room  temperature 
over  night.      The  number  of  live  and  dead  males  was  counted  after  14 

TABLE   XII. 
Rate  of  Death  at  39.45°.     Males. 


Time. 

No.  oi  dead. 

Total  per  cent  dead. 

mitt. 

25 

30 

4.5 

30 

130 

17   0 

35 

177 

34.6 

40 

318 

54.6 

45 

489 

72.0 

50 

550 

82.9 

55 

440 

S8.2 

60 

364 

91.2 

65 

532 

97.5 

70 

350 

98.9 

75 

609 

99.7 

Per  cent  dying  in 
interval. 


4  5 
12.5 

17.6 
20.0 
17.4 
10.9 

5  3 
3.0 

(S3) 
1.4 
0.8 


RATE  OP  DEATH        MALE 5  39.45c 


PER  CENT 
WHICH  DIE 


TTTIE  IN  MINUTES        25       55      45      55      65       TS 

Fig.  6. 
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VII.  Comparison  of  the  Temperature  Coefficients  for  the  Larval  and 
Pupal  Stage  with  That  for  the  Duration  of  Life. 

The  life  of  Drosophila  is  normal  only  within  temperatures  above 
10°  and  below  30°  or  roughly  between  15°  and  25°C.  At  10°  the 
larvae  reach  the  pupal  stage  but  the  animals  then  die  without  ever 
emerging  from  the  cocoon.  The  imago,  however,  lives  at  10°C.  At 
5°  or  less  the  duration  of  life  of  the  imago  is  less  than  a  week  while  at 
15°  it  is  92.4  days.  The  fact  that  at  5°  the  duration  of  life  is  less  than 
at  15°C,  shows  that  the  former  temperature  is  incompatible  with  the 
life  of  the  organism.  At  temperatures  between  27.5°  and  31.5°,  at 
which  temperature  the  coefficient  for  the  rate  of  growth  of  the  larvae 
becomes  negative,  life  is  also  no  longer  normal.  The  life  of  the  fly 
is  normal  between  15°  and  25°C,  and  it  is,  therefore,  for  this  range 

TABLE    XLU. 

Temperature  Coefficients  of  Various  Stages  of  Development. 


Temperatute. 

Qio  for  rate  of 

Larvae. 

Pupa. 

Imagos. 

°C. 
15-20 
20-25 

4.0 

1.78 

5.0 
2.24 

5.25 

1.99 

that  a  comparison  of  the  temperature  coefficients  for  the  three  stages 
becomes  permissible.  Table  XIII  shows  the  temperature  coefficients 
for  15-20°  and  20-25°  and  it  is  obvious  that  they  are  approximately 
the  same  for  all  three  stages. 

As  we  have  already  stated  in  a  previous  paper,  this  proximity  of 
the  three  values  suggests  a  proximity  of  the  cause  limiting  the  three 
stages.  If  the  limiting  factor  for  the  larval  and  pupal  stages  be  the 
production  or  destruction  of  a  substance  ("hormone")  the  same  lim- 
iting factor  may  be  suspected  for  the  duration  of  life.  Experiments 
made  by  Northrop8  show  that  thyroid  has  no  influence  on  metamor- 
phosis in  the  fly. 

*  Northrop,  J.  H.,  /.  Biol.  Chcm.,  1917,  xxx,  181. 
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SUMMARY. 

1.  The  paper  proves  the  existence  of  a  definite  temperature  coeffi- 
cient for  the  duration  of  life  of  the  fruit  fly  {Drosophila). 

2.  Since  the  experiments  were  made  with  fruit  flies  free  from  micro- 
organisms death  cannot  be  ascribed  to  bacterial  poisoning. 

3.  The  temperature  coefficient  for  the  duration  of  life  of  the  fruit 
fly  is  approximately  identical  with  the  temperature  coefficients  for 

i  the  duration  of  the  larval  and  pupal  stage  between  15°  and  25°C, 
i.e.,  within  the  limits  where  development  is  normal. 

4.  The  duration  of  the  three  stages  in  the  life  of  aseptic  Drosophila, 
and  the  total  duration  of  life  is,  for  temperatures  between  10°  and  30°, 
as  follows. 


Duration  i 

in  days)  of 

Temperature. 

Total  duration 

Larval  stage. 

Pupal  stage. 

Life  of  imago. 

of  life  from  egg  to 
death. 

°C. 

10 

57 

Pupje  die. 

120.5 

177.5  +  X 

15 

17.8 

13.7 

92.4 

123.9 

20 

7.77 

6.33 

40.2 

54.3 

25 

5.82 

4.23 

28.5 

38.5 

27.5 

(4.15) 

3.20 

30 

4.12 

3.43 

13.6 

21.15 

5.  Small  variations  in  the  duration  of  life  were  noticed  in  different 
aseptic  generations  of  the  flies;  in  the  32nd  generation  the  rates  were 
all  slightly  quicker  than  in  the  20th  to  22nd  generation. 

6.  Aside  from  the  temperature  the  nature  of  food  influences  the 
duration  of  life  and  an  "adequate"  food  supply  is  presupposed  for 
work  on  the  influence  of  temperature  as  stated  in  the  previous  para- 
graphs. An  adequate  food  supply  for  the  growing  larva  includes 
yeast,  while  for  the  adult  fly  which  no  longer  grows  "glucose-agar" 
(with  or  without  yeast)  is  sufficient. 

7.  The  observations  on  the  temperature  coefficient  for  the  duration 
of  life  suggest  that  this  duration  is  determined  by  the  production  of  a 
substance  leading  to  old  age  and  natural  death  or  by  the  destruction 
of  a  substance  or  substances  which  normally  prevent  old  age  and 
natural  death. 
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THE  EFFECT  OF  PROLONGATION  OF  THE  PERIOD  OF 
GROWTH  ON  THE  TOTAL  DURATION  OF  LIFE. 

By  JOHN  H.  NORTHROP. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  September  4,  1917.) 

It  is  a  well  known  fact  that  the  growth  of  an  organism  may  be  more 
or  less  retarded  by  supplying  it  with  food  insufficient  either  in  quan- 
tity or  quality.  It  has  been  shown1  that  in  the  case  of  "aseptic" 
Drosophila  the  growth  of  the  larva?  may  be  greatly  retarded  by  grow- 
ing them  on  sterile  fruit  or  other  substances  containing  no  yeast. 
The  deficiency  in  this  case  is  probably  of  the  nature  of  the  "vita- 
mines"  or  growth-promoting  substances  which  have  been  so  thoroughly 
investigated  by  Funk,  McCollum,  Osborne  and  Mendel,  and  others. 
It  has  also  been  shown1  that  this  prolongation  of  the  larval  period  is 
without  effect  on  the  duration  of  the  pupal  period.  It  seemed  of  in- 
terest to  determine  whether  the  duration  of  the  next  stage — the  im- 
ago— was  also  independent  of  the  time  required  to  reach  that  stage. 
The  present  experiments  were  undertaken  in  order  to  determine  this 
point.  Indirect  evidence  on  this  point  has  been  brought  forward  by 
Osborne,  Mendel,  and  Ferry,2  who  have  shown  that  the  menopause 
in  female  rats  is  delayed  by  stunting.  Unfortunately  their  animals 
died  from  infection  so  that  the  normal  duration  of  life  was  not 
determined. 

In  all  these  experiments  the  cultures  of  flies  were,  as  stated,  com- 
pletely free  from  microorganisms  and  the  experiments  were  made  in 
sterile  culture  media.  The  Erlenmeyer  flasks  containing  the  flies 
were  previously  sterilized  in  the  autoclave  for  30  minutes  as  was  also 
the  banana  or  yeast  used.  The  transferring  of  the  sterile  flies  into 
a  new  flask  or  their  removal  from  the  flask  was  done  by  the  device 

1  Northrop,  J.  H.,  /.  Biol.  Chew.,  1917,  xxx,  181. 

2  Osborne,  T.  B.,  Mendel,  L.  B.,  and  Fern-,  E.  L.,  Science,  1917,  xlv,  294. 
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given  by  Delcourt  and  Guyenot,3  which  excludes  contamination  of  the 
fly  by  microorganisms. 

In  the  experiments  described  in  Table  I  the  eggs  were  laid  on  10 
gm.  of  sterile  banana  in  120  cc.  Erlenmeyer  flasks.  The  parent  flies 
were  left  in  the  flask  for  4  days,  during  which  time  they  laid  a  con- 
siderable number  of  eggs,  and  were  then  removed.  After  some  time, 
as  noted  in  the  table,  a  sterile  suspension  of  yeast  in  water  was  added. 
Upon  emerging  from  the  pupal  stage  the  flies  hatched  from  these 
eggs  were  transferred  aseptically  to  500  cc.  flasks  containing  glucose- 
agar,  on  which  they  live  as  long  as  on  yeast.4  The  duration  of  life 
was  then  noted.  Each  experiment  is  the  combined  result  of  from 
six  to  nine  different  cultures.  The  flies  used  were  of  the  thirtieth 
aseptic  generation. 

The  experiment  was  made  in  an  incubator  at  27.5°C. 

Table  I  shows  the  following  facts.  When  yeast  is  added  at  the 
beginning  of  the  experiment  the  average  total  duration  of  life  is  19.3 
days  at  27.5°,  while  when  the  yeast  is  added  on  the  8th  day  of  the 
larval  period  the  total  duration  of  life  is  25.5  days  at  27.5°,  and  if 
the  yeast  is  added  on  the  10th  day  the  average  total  duration  of 
life  of  the  fly  is  28.9  days.  This  increase  in  the  duration  of  life  is 
wholly  due  to  the  lengthening  of  the  egg-larval-pupal  period  by  in- 
adequate food  supply  to  the  early  stages,  since  the  average  duration 
of  life  of  the  imago  is,  as  the  table  shows,  approximately  the  same, 
namely,  between  10.5  and  11.9  days.  The  larval  period  was,  there- 
fore, prolonged  from  8  to  17  days,  i.e.,  over  100  per  cent.  When  the 
yeast  was  added  on  the  12th  day  or  later  the  life  of  the  larvas  could 
no  longer  be  saved  and  they  died  in  the  larval  stage  without  being 
able  to  complete  their  development.  It  must  be  remembered  that 
the  absolute  figures  given  in  Table  I  apply  only  to  the  temperature 
of  27.5°C,  and  that  they  would  have  to  be  altered  for  other 
temperatures. 

3  Delcourt,  A.,  and  Guyenot,  E.,  Bull.  Sc.  France  et  Belg.,  1911,  xlv,  249. 

4  Loeb,  J.,  and  Northrop,  J.  H.,  /.  Biol.  Chem.,  1917,  xxxii,  103. 


J.    H.   NORTHROP 


335 


TABLE   I. 

Effect  of  Prolongation  of  Larval  Period  on  Total  Duration  of  Life. 

27.5°C. 


Temperature 


Number  of  days 

after  removal 

of  flies. 

Experiment  1. 

Experiment  2. 

Experiment  3. 

Experiment  4. 

Experiment  5- 

0 

1-2       mm. 

1-2       mm. 

1—2       mm. 

1-2       mm. 

1-2        mm. 

larvae. 

larvae. 

larvae. 

larvae. 

larvae. 

Yeast 

added. 

4 

Pupae 
form.* 

Yeast 
added. 

8 

Flies 

Pupae  form. 

2—3     mm. 

emerge. 

larva?. 
Yeast 
added. 

2-3     mm. 

Number  of 
flies  which  die. 

10 

10 

larvae. 

Yeast 

added. 

11 

Pupae  form. 

12 

13 

Flies 

Larvae  dead. 

14 

emerge. 

Flies 

Pupae  form. 

13 
14 

Number  of 
flies  which  die. 

15 

5 

10 

14 
9 

22 
35 

emerge. 

Flies 
emerge. 

16 
17 

Number  of 
flies  which  die. 

7 

18 
19 

Number  of 
flies  which  die. 

20 

21 

44 

33 

22 

15 

23 

33 

32 

5 

24.5 

28 

41 

2 

25 

61 

26 

6 

27 

50 

24 

15 

28 

1 

29 

3 

21 

19 

7 

31 

6 

21 

5 

33 

3 

6 

11 

8 
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TABLE  I — Concluded. 


Number  of  days 

after  removal 

of  flies. 

Experiment  1. 

Experiment  2. 

Experiment  3. 

Experiment  4. 

Experiment  5. 

36 

2 

2 

38 

1 

Total  number  of 

flies 

126 

283 

190 

45 

Average       total 

duration       of 

life 

19.3 

23.5 

25.5 

28.9 

Egg-larval-pupal 

period 

8.0 

12.0 

15.0 

17.0 

Duration  of  life 

of  imago 

11.3 

11.5 

10.5 

11.9 

*  All  pupae  formed  within  a  period  of  3  days.  The  2nd  day  of  pupation  is 
taken  as  the  average  time  and  is  the  one  given  in  the  table.  The  same  approxima- 
tion is  made  for  the  duration  of  the  pupal  period.  The  exact  time  could  not  be 
ascertained  in  this  case  since  it  was  impossible  to  count  the  imagos  as  they  emerged 
owing  to  the  necessity  of  keeping  them  sterile. 


SUMMARY. 

The  experiments  show  that  if  the  larval  period  is  prolonged  by 
inadequate  feeding  the  total  duration  of  life  can  be  prolonged.  This 
simply  shows  that  the  relative  duration  of  each  of  the  three  stages  is 
independent  of  that  of  the  other  two  stages ;  and  this  would  harmon- 
ize with  the  idea  that  the  duration  of  each  of  the  three  stages  is  deter- 
mined by  the  formation  (or  by  the  disappearance)  of  a  definite  specific 
substance,  as  stated  in  a  previous  paper.5 

5  Loeb  and  Northrop,  Proc.  Nat.  Acad.  Sci.,  1917,  iii,  382. 
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THE  DIFFUSION  OF  ELECTROLYTES  THROUGH  THE 
MEMBRANES  OF  LIVING  CELLS. 

V.     The  Additive  Effect  of  Salt  and  Base  and  the  Antago- 
nistic Effect  of  Salt  and  Acid. 

By  JACQUES  LOEB. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  September  20,  1917.) 

/.  Introductory  Remarks. 

In  former  papers1  it  has  been  shown  that  the  washed  membranes 
of  the  egg  of  Fundulus  are  impermeable  for  potassium  salts,  that  the 
addition  of  a  moderate  amount  of  a  second  salt  accelerates  the  diffu- 
sion, and  that  an  addition  of  a  greater  quantity  of  a  second  salt  in- 
hibits the  diffusion  of  potassium  salts  into  the  egg.  When  alone  in 
solution  potassium  salt  cannot  diffuse  through  the  membrane  of 
washed  eggs  until  the  potassium  salt  itself  has  supplied  the  "salt 
effect."  It  was  pointed  out  that  these  effects  of  salt  on  diffusion 
were  analogous  to  the  effects  of  salts  on  globulins,  which  are  insoluble 
in  pure  water,  soluble  in  a  moderate  concentration,  and  insoluble 
again  in  a  very  high  concentration  of  salt.2  This  would  make  it  ap- 
pear as  if  the  diffusion  of  potassium  salts  depended  on  the  solution 
of  a  certain  membrane  constituent,  with  qualities  resembling  those  of 
a  globulin.  Potassium  was  used  in  these  experiments  since  it  causes 
cessation  of  the  heart  beat  of  the  embryo  as  soon  as  a  certain  quan- 
tity has  diffused  into  the  egg.  The  cessation  of  the  heart  beat  was, 
therefore,  a  convenient  indicator  for  the  diffusion  of  a  certain 
quantity  of  potassium  into  the  egg. 

It  seemed  desirable  to  test  whether  the  analogy  between  the  be- 
havior of  globulins  and  the  diffusion  of  electrolytes  through  the 

1  Loeb,  J.,  /.  Bio'.  Chem.,  1916,  xxvii,  339,  353,  363;  1916-17,  xxviii,  175. 

2  Loeb  /.  Biol.  C  em.    1917.  xxxi,  343. 
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membrane  could  be  carried  further,  and  for  this  purpose  the  effect  of 
neutral  salts  on  the  diffusion  of  acids  and  alkali  was  examined.  Hardy 
states  that  there  exists  an  antagonism  between  the  solvent  actions  of 
salts  and  acids  while  the  solvent  actions  of  salt  and  base  are  additive. 
From  this  difference  Hardy  has  drawn  interesting  inferences  on  the 
manner  of  combination  between  globulins,  salts,  acids,  and  alkali. 

"There  is  however  one  feature  of  fundamental  importance  which  is  never 
obscured,  and  that  is  the  antagonism  between  the  solvent  actions  of  salts  and 
acids,  and  the  additive  nature  of  the  combined  solvent  action  of  salts  and  alkali. 
This  feature  arises  I  believe  from  the  fact  that  acid  globul'n  is  insoluble  by  salt. 
Salts  will  combine  with  globulin  or  with  alkali  globulin  to  form  soluble  compounds; 
they  will  not  so  combine  with  acid  globulin. 

If  this  be  true,  then,  when  acid  globulin  is  precipitated  and  redissolved  by  salt, 
the  acid  must  be  displaced  and  the  globulin  redissolved,  not  as  salt-acid  globulin 
but  as  salt  globulin.  The  displacement  of  the  acid  can  readily  be  followed  by 
methyl  orange.  When  HC1  globulin  is  precipitated  by  a  salt  this  indicator  shows 
that  free  acid  is  liberated.  But  I  failed  completely  to  detect  the  liberation  of  free 
alkali  when  salt  is  added  to  a  solution  of  alkali  globulin.  This  suggests  that  pre- 
cipitation of  acid  globulin  is  partly  a  definite  chemical  replacement  of  acid  by  salt, 

GHS  +  BS  =  GBS  +  HS. 

The  fact  that  alkalies  slightly  assist  solution  in  salts  while  acids  very  generally 
depress  it  suggests  an  interesting  possibility,  namely,  that  in  the  compounds  GHS 
and  GBS  the  acid  HS  and  the  salt  BS  are  united  to  the  molecule  of  G  in  the  same 
way,  so  that  they  compete  with  one  another,  while  in  GB  and  GHS  the  base 
and  salt  are  united  to  different  parts  of  the  molecule."3 

It  was,  therefore,  expected  that  if  the  analogy  between  the  action 
of  electrolytes  upon  the  solution  of  globulin  on  the  one  hand,  and  the 
diffusion  through  the  membrane  on  the  other,  would  hold,  that  the 
addition  of  a  salt  should  increase  the  rate  of  diffusion  of  alkali  into 
the  egg  and  diminish  the  rate  of  the  diffusion  of  acid  into  the  egg. 
This  should  show  itself  in  this  way,  that  a  neutral  salt  would  increase 
the  toxicity  of  a  base  and  diminish  the  toxicity  of  an  acid.  This  is 
actually  the  case,  as  will  be  shown  in  this  paper.  It  was  necessary  to 
make  sure  that  the  salts  used  were  neutral  or  at  least  not  alkaline, 
since  if  they  were  alk;  Jine  the  additions  of  salt  to  acid  would  make  the 
acid  weaker  and  when  added  to  alkali  increase  the  alkalinity.  This 
would  indeed  result  in  an  apparent  antagonism  of  salt  to  acid  and 

3  Hardy,  W.  B.,  /.  Physiol,  1905-06,  xxxiii.  323-24. 
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an  apparent  additive  effect  of  salt  to  base.  Hence  to  prove  a  real 
antagonism  between  acid  and  salt  it  was  necessary  to  make  sure  that 
the  salt  solutions  were  not  alkaline.  Tests  were  made  with  phenol- 
phthalein,  neutral  red,  and  Congo  red.  The  neutral  red  tests  showed 
that  the  salt  solutions  used  (with  the  exception,  of  course,  of  sodium 
citrate)  were  all  slightly  on  the  acid  side  of  neutrality  (all  being  as 
red  as  or  more  than  distilled  water).  A  trace  of  alkali  sufficed  to 
bring  them  to  neutrality.  Thus,  one  drop  (0.05  cc.)  of  n/100  NaOH 
sufficed  to  turn  50  cc.  of  m/4  XaCl  or  m/32  CaCl2  or  m/32  SrCl2  from 
red  to  yellow  (with  neutral  red  as  an  indicator).  Na2S04  was  more 
decidedly  acid,  0.5  cc.  x  100  XaOH  being  required  to  turn  50  cc. 
m/32  Na2S04  yellow.  We  are,  therefore,  dealing  in  the  following 
experiments  with  an  effect  of  the  neutral  salt. 

The  addition  of  a  neutral  salt  to  an  acid  with  different  anion  has  no 
effect  on  the  hydrogen  ion  concentration.  Dr.  Haas  was  kind  enough 
to  compare  with  the  aid  of  his  indicators  the  H  ion  concentration  of 
m/500  acetic  acid  made  up  in  H20  and  m/32  Xa2S04  and  found  it 
identical,  namely  3.6  X  10-5. 
77.  The  Antagonistic  Character  oj the  Combined  Action  of  Salts  and  Acid. 

Loeb  and  Wasteneys4  have  published  two  papers  showing  that  the 
adult  fish  of  Fundulus  can  resist  acid  much  better  if  some  neutral  salt 
(XaCl  or  CaCl2)  is  added  to  the  acid.  Acid  killed  these  fish  by  alter- 
ing the  surface  of  their  gills  whereby  respiration  became  impossible. 
The  effect  of  the  acid  on  the  external  surface  of  the  fish  was  directly 
visible  inasmuch  as  the  outer  lining  of  the  body  became  white  and 
peeled  off.  The  presence  of  an  adequate  amount  of  salt  prevented 
this  effect  of  the  acid  when  the  latter  was  not  too  concentrated. 

2  years  ago  the  writer  published  similar  experiments  on  the  effect  of 
neutral  salt  on  the  rate  of  diffusion  of  acid  into  the  egg  of  Fundulus} 
The  acid  had  to  diffuse  through  the  membrane  in  order  to  reach  the 
embryo.  As  soon  as  the  acid  penetrates  in  sufficient  quantity  into 
the  egg  the  embryo  begins  to  coagulate  and  become  white,  the  thinnest 
part,  the  tail,  showing  this  effect  earlier  than  the  rest.  The  heart  is 
protected  by  the  pericardium  and  therefore  the  heart  beats  may  still 
be  going  on  at  a  time  when  the  tail  is  already  coagulated  by  the  acid. 

4  Loeb,  J.,  and  Wasteneys.  H.,  Biochetn.  Z..  1911.  xxxiii.  489;  1912,  xxxix,  167. 
5 Loeb,  /.  Biol.  Chan.,  1915,xxiii.  139. 
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As  soon  as  the  heart  stops  beating  recovery  is  no  longer  possible, 
since  by  this  time  the  whole  body  is  coagulated  and  for  this  reason 
the  cessation  of  the  heart  beat  could  in  this  case  be  used  as  the 
criterion  for  death. 

It  was  found  that  neutral  salts  inhibit  the  rate  of  diffusion  of  acid 
through  the  membrane.  This  could  be  proved  by  the  fact  that  rhoda- 
nates  and  tartrates  prevented  the  toxic  action  of  acid  upon  the  embryo 
inside  the  egg,  while  these  salts  had  no  such  action  upon  the  fish 
when  outside  the  egg,  the  salts  themselves  being  too  toxic  to  be  of 
any  use  for  the  fish  itself.  They  were,  however,  of  use  in  acting  upon 
the  external  surface  of  the  membrane  of  the  egg,  thereby  retarding 
the  diffusion  of  acid  through  the  membrane. 

The  inhibiting  action  of  salts  on  the  rate  of  diffusion  of  acid  through 
the  membrane  is  a  function  of  the  anions  as  well  as  of  the  cations. 
Organic  sodium  salts  antagonize  acid  better  than  the  inorganic  ones 
and  the  bivalent  anions  better  than  the  monovalent  ones.  Likewise 
Ca  and  Sr  antagonize  better  than  the  univalent  cations  and  also 
better  than  Mg  and  Ba. 

The  relative  efficiency  of  cations  in  antagonizing  acid  is  shown  in 
the  following  table,  giving  the  minimal  concentration  of  different  neu- 
tral salts  which  permits  50  per  cent  of  the  embryos  to  survive  in 
m/500  acetic  acid  after  18  hours. 

LiCl Die  in  all  concentrations. 

NaCl "     "   "  " 

RbCl "   "    "  " 

CsCl "   "    "  " 

MgCl2 "   "    "  " 

CaCl2 m/2048 

SrCl2 m/512 

BaCl2 m/32 

The  superior  antagonistic  effect  of  the  bivalent  over  the  univalent 
cations  is  beyond  doubt,  as  is  also  the  difference  between  Ca  and  Sr 
on  the  one  hand  and  Mg  and  Ba  on  the  other. 

As  far  as  the  anions  are  concerned,  the  difference  in  the  antagonis- 
tic action  between  CI  and  S04  is  marked  and  independent  of  the  na- 
ture of  the  cation.  Table  I  gives  the  percentage  of  surviving  em- 
bryos in  m/500  acetic  acid  in  m/8  chlorides  and  sulfates  of  different 
cations. 
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TABLE   1. 


After. 

Percentage  of  surviving  embryos  in  m/500  acetic  acid  made  up  in 
chlorides  and  sulfates  of  different  cations. 

Cation. 

Cl 

S04 

hrs. 

24 

Li 

0 

80 

24 

Na 

0 

100 

8 

NH< 

0 

80 

24 

Mg 

0 

100 

The  sulfates  are  so  much  more  powerful  in  their  antagonism  to 
acetic  acid  than  the  chlorides  that  at  the  time  when  the  embryos 
had  all  been  killed  in  the  chloride  solution  they  were  still  all  active 
and  alive  in  the  sulfate  solution. 

In  order  to  get  a  quantitative  expression  of  the  relative  efficiency 
of  univalent  and  bivalent  anions  the  embryos  were  put  into  m/500 
acetic  acid  solution  to  which  various  concentrations  of  different  so- 
dium salts  were  added.  That  concentration  of  these  salts  was  ascer- 
tained which  allowed  50  per  cent  of  the  eggs  to  be  alive  after  10  hours. 
This  concentration  was  found  to  be  for 

XaCl m/4 

XaBr m/4 

NaNO, Slightly  >  m/4 

Xa2S04 m/32 

When  we  add  increasing  quantities  of  salt  to  an  acid  very  soon  a 
concentration  is  reached  where  the  further  addition  of  salt  accel- 
erates the  action  of  the  acid ;  this  action  takes  place  at  a  concentration 
of  the  salt  where  the  salt  alone  is  not  yet  very  harmful. 

TABLE   11. 


Percentage  of  surviving  embryos  after  6  hrs.  in  m/500  acetic 
acid  made  up  in 

>> 

s 

0 
50 
15 

a 

40 
90 
95 
90 

- 

100 
95 
95 

100 

00 

a 

75 

50 

40 

100 

o 

a 

35 

10 

20 

100 

\ 

a 

5 

0 

15 

100 

a 

5 

0 

5 

80 

00 

a 

0 
15 

0 
80 

IO 

a 

5 

5 

0 

10 

rsj 

3 

0 

0 

10 

5 

— 

o 
■>■«. 

a 

0 
10 
0 

5 

OO 

— 
o 

0 

5 

0 

10 

o> 
o 
-*■ 

a 

5 

0 

5 

10 

§ 

NaCl 

0 

NaBr 

0 

NaXOj...              

0 

Na,SO<...              

10 
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TABLE    III. 


• 

Percentage  of  surviving  embryos  after  10  hrs.  in  m/500 
acetic  acid  made  up  in 

a 

0 

15 

0 

— 

3 

10 

85 
80 
50 

\ 

a 

60 

70 

40 

100 

00 

■~^ 

a 

30 

0 

5 

100 

NO 

0 
0 
0 

100 

^. 

a 

0 

0 

0 

90 

•*• 

a 

0 

0 

0 

10 

00 

0 
0 
0 
0 

>o 

a 

0 
0 
0 
0 

1/} 

a 

0 
0 
0 
0 

o 
\ 

a 

0 
0 

0 
0 

00 

~r 
o 

a^ 

0 

0 
0 
0 

o 

NaCl 

n 

NaBr 

0 

NaN03 

n 

NaoS04 

0 

Especially  after  10  hours  it  is  clear  that  the  antagonistic  effect  of 
m/1  solutions  of  NaCl,  NaBr,  and  NaN03  is  less  than  that  of  m/2 
or  m/4  solutions.  When  the  salt  concentration  exceeds  a  certain 
limit  its  antagonistic  action  to  acid  diminishes  again. 

In  a  previous  paper  it  was  pointed  out  that  when  eggs  are  treated 
with  a  low  concentration  of  salt  and  are  afterwards  exposed  to  acid 
the  diffusion  of  acid  may  be  accelerated.  Such  an  effect  was  never 
observed  when  acid  and  salt  were  simultaneously  in  solution  no  matter 
how  low  the  concentration  of  the  salt.     ' 

77/.  The  Additive  Character  of  the  Combined  Action  of  Alkali  and  Salt. 

In  working  with  alkali  we  have  to  remember  that  the  C02  of  the 
air  as  well  as  that  produced  by  the  living  organism  steadily  dimin- 
ishes the  concentration  of  the  alkali.  This  makes  it  necessary  to 
carry  on  these  experiments  in  small  closed  Erlenmeyer  flasks  in  which 
the  volume  of  solution  is  large  compared  with  the  air  space  left  and 
the  volume  of  the  eggs  (20  in  each  flask) .  In  addition  it  is  necessary 
to  restrict  the  experiment  to  short  periods.  At  given  intervals  the 
eggs  were  taken  out  and  examined  and  the  percentage  of  embryos 
whose  heart  was  still  beating  was  determined.  It  was  found  that 
the  salt  always  increased  the  efficiency  of  the  alkali  and  in  no  case 
antagonized  it.  The  following  experiments  with  m/200  XaOH  and 
m/200  tetraethylammoniumhydroxide  may  serve  as  an  example. 
The  solutions  were  made  up  in  mixtures  of  NaCl,  KC1,  and  CaCU 
in  the  proportion  in  which  these  three  salts  exist  in  the  sea  water; 
namely,  100  molecules  of  NaCl,  to  2.2  molecules  of  KC1  to  1.75  mole- 
cules of  CaCl2  (Table  IV). 
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TABLE    IV. 


Solution. 

Percentage  of  eggs  surviving  after  5  hrs.  in 

various  alkali  solutions  made  up  in 

NaCl  +  KC1  +  CaCls. 

a 

0 

0 

"N, 

s 

0 
0 

-v. 

a 

0 
0 

00 

a" 

10 
0 

■■•■» 

s 

30 
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a" 

45 

10 

a 

80 
10 

00 

>^ 

a 

100 
45 

o 

a 

100 
90 

a 

100 
100 

o 

a 

m/200  NaOH 

100 

m/200  tetraethylammoniumhydroxide 

100 

Even  as  low  a  salt  concentration  as  m/32  has  an  accelerating  effect 
upon  the  toxic  action  of  alkali.  It  may  be  well  to  point  out  that 
these  eggs  can  live  for  days  in  neutral  solutions  of  NaCl  +  KC1  + 
CaCl2  as  concentrated  as  2.5  m. 

In  order  to  ascertain  whether  at  least  a  trace  of  an  antagonistic 
effect  of  salts  upon  alkali  can  be  discovered,  higher  concentrations 
of  the  latter  were  used.  The  writer  did  not  observe  any  indication 
of  an  antagonistic  effect  between  a  strong  base  and  salt  while  the 
additive  effect  was  always  marked. 

The  next  task  consisted  in  ascertaining  the  influence  of  valency  and 
nature  of  anions  and  cations  of  the  salt  on  the  additive  effect.  It 
was  found  that  the  same  ions  which  had  the  greater  antagonistic  ef- 
fects upon  acid  had  the  greater  additive  effect  upon  bases;  i.e.,  it  re- 
quired less  of  sulfate  than  of  a  chloride  to  accelerate  the  toxic  effect 
of  a  base  and  less  Ca  than  Na.  In  order  to  test  this  m/400  solutions 
of  ethylamine  were  used.  In  a  pure  m/400  ethylamine  solution  the 
embryos  live  at  least  for  a  number  of  days.  If  we  add,  however,  a 
neutral  salt  the  same  concentration  becomes  extremely  toxic.  If  dif- 
ferent sodium  salts  are  added  the  toxicity  of  the  solution  increases 
with  the  valency  of  the  anion,  approximately  in  harmony  with  Hardy's 
exponential  law.  Table  V  gives  the  percentage  of  surviving  embryos 
in  m/400  ethylamine  when  made  up  in  solutions  of  XaCl,  Xa2SO*, 
Na2  tartrate,  Xa3  citrate,  CaCl2,  and  SrCl2  after  about  22  hours. 

Comparing  the  concentration  of  these  salts  which  permits  50  per 
cent  of  the  embryos  to  remain  alive  we  find  this  to  be  for 

N&C1 m/32 

NasSO, m/  128 

Na2  tartrate m/128 

Na3  citrate m  1024 
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TABLE    V. 


Percentage  of  surviving  embryos  after  22  hrs. 

in  m/400  ethylamine  made  up  in  various 

concentrations  of  salt  solutions. 
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X 

XaCl     

OS 

NaoS04   

OS 

OS 

00 

CaCl2 

OS 

SrCl2  

OS 

The  ratio  of  efficiency  of  monovalent  to  bivalent  to  trivalent  anion 
is,  therefore,  as  1:4:32,  while  Hardy's  rule  demands  iiL,  this  case 
1:  4:  16.  The  exception  in  citrate  is  probably  due  to  the  fact  that 
citrate  is  in  itself  alkaline.  In  experiments  of  shorter  duration  the 
ratio  between  tartrate,  sulfate,  and  citrate  was  m/128:  m/128:  m  512, 
which  shows  citrate  to  be  four  times  as  efficient  as  sulfate.  In  the 
writer's  previous  papers  it  was  pointed  out  that  Hardy's  valency  rule 
holds  also  for  the  influence  of  salts  on  the  rate  of  diffusion  of  KC1  into 
the  egg. 

As  far  as  the  cations  are  concerned,  it  is  obvious  that  the  addition 
of  a  slight  amount  of  CaCl2  accelerates  the  action  of  the  base  consid- 
erably more  than  XaCl,  m  1024  CaCl2  being  as  efficient  as  m/32 
XaCl.     SrClo  is  slightly  less  efficient  than  CaCL. 

It  is  of  interest  that  the  addition  of  salts  to  XH4OH  gave  no  clear 
results;  there  was  neither  a  clear  additive  effect  nor  an  antagonistic 
effect  between  salt  and  X"H4OH. 


IV.  Proof  That  the  Salt  Action  Described  in  This  Paper  is  Due  to  an 

Influence  upon  the  Rate  of  Diffusion  by  Alkali  and  Acid 

Through  the  Membrane. 

As  stated  in  previous  papers  the  experiments  on  the  Fundulus  egg 
have  the  striking  advantage  of  demonstrating  directly  whether  a  salt 
action  is  due  to  an  influence  upon  the  rate  of  diffusion  through  a 
membrane  or  whether  it  is  due  to  an  action  on  the  living  protoplasm. 
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The  embryo  lives  inside  the  membrane  of  the  egg  from  which  it  is 
separated  by  a  watery  liquid.  By  comparing  the  effect  of  a  solute 
on  the  embryo  while  in  the  egg,  and  on  the  embryo  immediately  after 
hatching,  we  can  make  sure  whether  or  not  the  effect  observed  on  the 
egg  is  merely  due  to  an  influence  upon  the  rate  of  diffusion  through 
the  membrane  or  to  an  effect  upon  the  embryo  inside  the  egg.  When 
the  difference  in  the  two  cases  is  merely  one  of  degree  a  doubt  might 
still  be  entertained;  but  when  it  becomes  one  of  kind,  as  is  the  case 
in  these  experiments,  all  doubt  vanishes. 

The  Fundulus  embryo  inside  the  egg  remains  alive  indefinitely  when 
the  eggs  are  put  into  M  400  ethylamine  but  they  all  die  in  less  than 
24  hours  when  the  m  400  ethylamine  is  made  up  in  m/64  CaCl2  or  in 
some  other  salt.  The  salt  accelerates  death.  When  we  make  the 
same  experiment  on  the  newly  hatched  embryo  we  find  that  the  latter 
dies  in  about  20  minutes  in  m  '400  ethylamine  and  the  addition  of 
CaCl2  does  not  accelerate  the  action  but  retards  it  markedly,  the 
embryo  living  from  40  to  60  minutes  in  m  400  ethylamine  made  up  in 
m/32  CaCl2.  The  same  is  true  for  other  salts,  e.g.,  Na2S04  or  SrCl2; 
instead  of  accelerating  the  action  of  alkali  on  the  hatched  embryo 
they  retard  it.  This  effect  of  the  salt  then  is  exactly  the  reverse  "from 
the  effect  of  the  salt  upon  the  embryo  while  inside  the  egg.  This  does 
not  permit  of  any  other  interpretation  than  that  the  combined  effect 
of  salt  and  alkali  upon  the  egg  is  due  to  an  action  on  the  membrane 
surrounding  the  egg  and  not  upon  the  embryo  inside  the  egg.  We 
must  therefore  conclude  that  the  addition  of  a  neutral  salt  to  the 
alkali  allows  the  latter  to  diffuse  more  rapidly  into  the  egg.  The 
embryo  which  is  killed  in  20  minutes  in  m  400  ethylamine,  when 
brought  directly  into  this  solution,  remains  alive  in  this  solution,  as 
long  as  it  is  surrounded  by  the  egg  membrane,  and  the  reason  can 
only  be  that  this  solution  never  reaches  the  embryo  as  long  as  it  is 
surrounded  by  the  membrane.  If,  however,  a  salt  of  the  proper 
concentration  is  added  to  the  u  400  ethylamine  solution  the  latter  can 
diffuse  into  the  egg.  In  a  stronger  ethylamine  solution,  e.g.,  M  200, 
the  embryos  are  all  killed  inside  of  24  hours  when  inside  the  egg.  In 
this  case  the  higher  concentration  of  the  alkali  itself  supplies  the 
"salt  effect"  upon  the  diffusion  of  base  into  the  egg. 
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As  far  as  the  direct  action  of  alkali  on  the  embryo  is  concerned  it 
is  visibly  due  to  the  solution  of  the  surface  elements  of  the  embryo. 
In  a  m/400  ethylamine  solution  the  surface  of  the  head  is  dissolved 
very  quickly,  leaving  the  eyes  protruding. 

We  have  already  mentioned  the  fact  that  tartrates  and  rhodanates 
can  be  used  to  antagonize  the  action  of  acid  on  the  egg,  while  they 
cannot  be  used  to  counteract  the  injurious  effect  of  acids  on  the  fish 
when  outside  the  egg.5  This  shows  that  the  antagonistic  action  of 
salt  to  acid,  as  long  as  the  embryo  is  inside  the  egg,  is  due  to  an  effect 
on  the  membrane  of  the  egg  and  not  on  the  embryo  itself. 

V.  Theoretical  Remarks. 

We  have  pointed  out  in  this  and  in  a  previous  paper  the  analogy 
which  exists  between  the  conditions  for  the  diffusion  of  electrolytes 
through  the  membrane  of  the  Fundulus  egg  and  the  condition  for  the 
solution  of  globulins.  It  seems  on  the  whole  that  those  conditions 
which  tend  to  make  globulins  soluble  also  permit  or  accelerate  the  dif- 
fusion of  certain  electrolytes  through  the  membrane  of  the  egg  of 
Fundulus;  while  those  which  render  globulins  less  soluble  also  inhibit 
or  retard  the  diffusion  of  certain  electrolytes.  Thus  it  was  shown  in 
a  former  paper  that  potassium  salts  diffuse  through  the  membrane  of 
Fundulus  when  the  membrane  has  had  a  chance  to  combine  with  a 
certain  moderate  quantity  of  salt;  while  either  a  membrane  free  from 
salt  or  one  having  an  excess  of  salt  is  more  or  less  impermeable  for 
the  same  potassium  salt.  This  corresponds  to  the  fact  that  globulins 
are  soluble  in  a  moderate  amount  of  salt  but  insoluble  in  distilled 
water  or  in  an  excess  of  salt.  It  was  also  pointed  out  that  the  valency 
rule  found  by  Hardy  for  the  precipitation  of  globulins  holds  also  for 
the  action  of  salt  on  the  diffusion  of  potassium  through  the  membrane 
of  the  Fundulus  egg.  It  was  pointed  out,  however,  that  there  exists 
merely  an  analogy  and  not  an  identity  in  the  diffusion  of  salts  through 
the  membrane  and  the  solubility  of  globulins;  since  the  ratio  for  the 
solvent  and  precipitating  effect  of  a  neutral  salt  on  globulins  differs 
widely  from  the  ratio  for  the  accelerating  and  inhibiting  effect  of  the 
same  salt  for  the  diffusion  through  the  membrane. 

In  this  paper  the  analogy  is  carried  further.  Salts  and  acid  have 
an  antagonistic  and  salt  and  bases  an  additive  effect  upon  the  solu- 
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tion  of  globulins.  It  could  be  shown  that  the  relation  holds  for  the 
diffusion  of  acid  and  bases  through  the  membrane.  Salts  accelerate  the 
diffusion  of  bases  and  retard  the  diffusion  of  acid  through  the  mem- 
brane. The  analogy  apparently  breaks  down  again  through  the  fact 
that  the  increasing  valency  of  both  cations  and  anions  of  salts  increases 
the  antagonistic  action  to  the  diffusion  of  acid  and  increases  the  ac- 
celerating action  on  the  diffusion  of  alkali. 

Salts,  therefore,  increase  the  rate  of  diffusion  of  certain  electrolytes 
through  the  membrane  of  the  egg  of  Fundulus  when  they  are  also 
able  to  dissolve  globulins;  and  they  retard  or  prevent  the  diffusion 
when  they  are  likely  to  prevent  the  solution  of  globulins.  The 
facts,  however,  do  not  permit  us  to  say  that  the  substance  in  the 
membrane  upon  which  the  diffusion  of  electrolytes  depends  is  a  globu- 
lin. A  difference  in  the  action  of  salts  on  acids  and  bases  was 
also  observed  by  the  writer  in  his  old  experiments  on  the  swelling  of 
muscle,  where  he  found  an  antagonistic  action  of  neutral  salts  to  acid 
but  not  to  base.6 

Some  authors  assume  that  the  proof  of  an  increase  in  permeability 
of  a  membrane  to  one  substance  indicates  an  increase  of  permeability 
to  all  substances.  The  fact  that  salts  increase  the  permeability  of  the 
Fundulus  membrane  to  alkali  while  they  have  the  opposite  effect  on 
the  permeability  to  acids  should  warn  us  against  such  generalizations. 

SUMMARY   OF   RESULTS. 

1.  When  Fundulus  eggs  are  put  into  solutions  of  bases  not  suffi- 
ciently concentrated  to  injure  the  embryo  the  bases  become  injurious 
when  neutral  salts  in  low  concentration  are  added.  This  additive 
effect  between  salts  and  bases  was  observed  also  at  higher  concentra- 
tions of  the  base. 

2.  When  Fundulus  eggs  are  put  into  an  acid  which  kills  the  embryo 
rapidly  the  addition  of  a  neutral  salt  has  an  antagonistic  effect.  The 
same  antagonism  between  acid  and  salt  was  observed  also  for  lower 
concentrations  of  acids. 

3.  The  minimal  quantity  of  a  salt  required  for  these  effects  dimin- 
ishes with  an  increase  in  the  valency  of  both  anion  and  cation  of  the 

6  Loeb,  Arch.  ges.  Physiol.,  1899,  lxxv,  303. 
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salt.  In  the  case  of  the  anion  the  quantity  diminishes  according  to 
Hardy's  valency  rule.  In  addition  the  chemical  nature  of  the  salt  is 
of  importance. 

4.  It  can  be  shown  that  the  additive  effects  of  salt  to  base  and  the 
antagonistic  effect  of  salt  to  acid  are  due  in  the  case  of  the  egg  of 
Fundulus  to  an  influence  of  the  salt  upon  the  rate  of  diffusion  of 
alkali  and  acid  through  the  membrane  of  the  egg;  this  influence  being 
accelerating  for  the  diffusion  of  alkali  and  retarding  for  the  diffusion 
of  acid. 

5.  The  partial  similarity  of  the  action  of  neutral  salts  in  these  cases 
with  the  action  of  salt  on  the  solution  of  globulins  in  the  presence  of 
acid  and  alkali  is  pointed  out. 


[Reprinted  from  the  Annales  de  l 'Institute  Pasteur,  September,  1917,  Vol.    xxxi, 

No.  9,  pp.  437-441.] 


FECONDATION  ET  PHAGOCYTOSE.* 

Par  JACQUES  LOEB. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 


Le  theme  de  ce  travail  a  ete  choisi  en  rapport  avec  les  travaux  du 
grand  savant  que  nous  voulons  honorer  par  la  presente  publication 
jubilaire.  L'idee  que  la  penetration  du  spermatozoide  dans  l'oeuf 
peut  etre  consideree  comme  une  sorte  de  phagocytose  devrait  n'etre 
pas  neuve.  Mais,  dans  les  sciences  de  la  nature,  il  est  toujours  im- 
prudent de  se  laisser  guider  par  des  analogies,  au  lieu  de  faits.  L'au- 
teur  va  communiquer,  dans  ce  qui  suit,  des  observations  qui  gagnent 
en  clarte,  si  Ton  interprete  l'absorption  du  spermatozoide  par  l'ceuf 
comme  une  sorte  de  phagocytose. 

On  sait  que,  d'une  maniere  generate,  ce  sont  seulement  les  sperma- 
tozoides  de  la  meme  espece  qui  peuvent  penetrer  dans  un  ceuf  et  non 
ceux  provenant  d'especes  differentes.  Ainsi  l'ceuf  de  l'Oursin  peut 
aisement  etre  feconde  par  des  spermatozoi'des  d'Oursins  de  la  meme 
espece  ou  d'especes  voisines,  mais  non  pas — ou  seulement  d'une  facon 
exceptionnelle — par  le  sperme  de  beaucoup  d'autres  Echinodermes, 
tels  que,  par  exemple,  les  Etoiles  de  mer.  II  y  a  onze  ans,  l'auteur  a 
trouve  une  methode  par  laquelle  il  reussit,  a  coup  sur,  a  feconder  les 
ceufs  de  l'Oursin,  Strongylocentrotus  purpuratus,  par  le  sperme  de 
l'Etoile  de  mer,  Aster ias  ochracea,  de  la  cote  de  Californie.  Pour 
obtenir  ce  resultat,  il  faut  simplement  augmenter  l'alcalinite  de  l'eau 
de  mer.     Quand,  a.  50  cent,  cubes  d'eau  de  mer,  on  ajoute  0.5  c.c.  de 

n 

XaOH  a       .  il  arrive  generalement  que  tous  les  ceufs  d'Oursins,  ou 

presque  tous,  sont  fecondes  dans  ce  liquide,  au  bout  d'une  demi-heure, 
par  le  sperme  de  l'Asterie. 

*  Jubile  E.  Metchnikoff.     Traduction  francaise  de  M.  Caullcry. 
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Si  Ton  transporte  ensuite  ces  oeufs  dans  Peau  de  mer  normale,  on 
constate  qu'une  partie  seulement  se  developpe  en  larves.  Les  autres 
ceufs  forment  la  membrane  de  fecondation;  une  division  nucleaire  a 
lieu,  mais  ensuite  les  ceufs  perissent  rapidement.  Ces  ceufs  se  com- 
portent  comme  ceux  chez  lesquels  la  formation  de  la  membrane  de 
fecondation  est  provoquee  a.  l'aide  du  traitement  experimental  par  un 
acide  gras  (ou  un  autre  agent  de  cytolyse). 

Se  basant  sur  ses  experiences  de  parthenogenese  artificielle,rauteur 
explique  ce  fait  ainsi:  un  spermatozoi'de  a  penetre  dans  les  ceufs  d'Our- 
sins  qui  se  developpent  a  la  suite  de  la  fecondation  par  le  sperme 
d'Etoile  de  mer,  tandis  que  ceux  de  ces  ceufs,  qui  forment  seulement 
la  membrane  de  fecondation,  puis  degenerent,  sont  entres  en  contact 
intime  avec  le  spermatozoi'de,  sans  qu'il  y  ait  eu  penetration  complete 
de  celui-ci  dans  l'oeuf.  Dans  ce  cas,  les  spermatozoi'des  four- 
nissent  a  l'ceuf  seulement  la  substance  {lysine)  qui  determine  la 
formation  de  la  membrane,  et  le  developpement  marche  comme  s'il  y 
avait  eu  production  artificielle  de  cette  membrane.  Mais  les  sper- 
matozoides,  dans  ces  cas,  ne  penetrant  pas  dans  1'ceuf,  n'y  abandon- 
nent  pas  la  seconde  substance  correctrice,  qui  est  necessaire  au  devel- 
oppement ulterieur,  ou  plutot  qui  empeche  la  disintegration. 

La  verification  de  cette  hypothese,  qui  a  une  grande  importance 
pour  la  theorie  de  l'activation,  a  ete  entreprise  a  nouveau  l'hiver 
dernier  (1913-1914),  par  l'auteur,  en  collaboration  avec  le  Dr  Gelarie. 
On  a  trouve  qu'en  effet  le  pourcentage  des  ceufs  d'Oursins  qui,  apres 
fecondation  par  le  sperme  d'Asterie,  se  developpent  en  larves,  est, 
dans  toutes  les  experiences,  le  meme  que  celui  des  ceufs  dans  lesquels 
on  trouve  un  noyau  spermatique  10  a,  20  minutes  apres  la  formation 
de  la  membrane;  tandis  que  le  pourcentage  des  ceufs  qui  forment 
seulement  la  membrane,  mais  ne  se  developpent  pas,  est  egal  a  celui 
des  ceufs  ou  on  ne  trouve  aucun  noyau  spermatique. 

II. 

Ces  experiences  et  d'autres  qui  ne  peuvent  etre  rapportees  ici, 
suggerent  l'idee  que  l'augmentation  de  l'alcalinite  de  l'eau  de  mer, 
d'une  part  rend  possible  un  contact  intime  du  spermatozo'ide  d'Etoile 
de  mer  avec  l'ceuf  d'Oursin,  mais  qu'elle  produit  en  meme  temps  un 
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obstacle  qui,  dans  un  certain  pourcentage  des  cas,  s'oppose  a.  la 
penetration  complete  du  spermatozoi'de.  La  phagocytose  permet 
d'obtenir  peut-etre  la  meilleure  representation  de  ce  phenomene, 
Admettons  que  l'absorption  du  spermatozoi'de  dans  l'ceuf  soit,  de  la 
part  de  celui-ci,  une  sorte  de  phagocytose;  il  est  clair  que  l'ceuf  d'Our- 
sin  ne  pourra  absorber  le  spermatozo'ide  d'Asterie  qu'en  milieu  alcalin; 
ou  bien,  si  on  se  represente  la  phagocytose  d'apres  les  theories  de  la 
tension  superficielle,  il  n'y  a  etalement,  et  ecoulement  du  protoplasme 
ovulaire,  autour  du  spermatozoi'de,  que  si  l'alcalinite  de  l'eau  de  mer 
depasse  un  peu  la  normale.  Le  protoplasma  d'ceuf  non  feconde  est 
entoure  d'une  gaine  gelatineuse,  le  chorion,  que  doit  traverser  le  sper- 
matozoi'de pour  arriver  au  contact  du  protoplasma  ovulaire.  L'au- 
teur  a  observe  que,  dans  l'eau  de  mer  hyperalcaline,  les  spermato- 
zoides  d'Asteries  sont  agglutines  par  cette  gaine  gelatineuse  (et  par 
beaucoup  d'autres  substances  albuminoides).  Et  il  est  porte  a  se 
representer  que,  dans  une  semblable  eau  de  mer  hyperalcaline,  un 
certain  pourcentage  des  spermatozoides,  arrivant  jusqu'au  proto- 
plasma ovulaire,  adherent  au  chorion  si  fortement,  que  le  protoplasma 
de  l'ceuf  ne  peut  pas  s'etaler  autour  de  la  surface  complete  du  sperma- 
tozoi'de, mais  seulement  autour  d'une  partie  de  celle-ci.  Ces  sperma- 
tozoides sont  agglutines,  d'un  cote  au  chorion,  de  l'autre  au  cytoplasme 
ovulaire.  Ce  dernier  s'ecoule  autour  du  spermatozo'ide  autant  que 
possible,  mais,  comme  il  ne  peut  s'etaler  entre  le  chorion  et  le  sperma- 
tozoide  (parce  que  la,  ce  dernier  adhere) ,  il  ne  se  produit  pas  une  pene- 
tration complete  du  spermatozoi'de  dans  l'ceuf.  Mais,  comme  le  sper- 
matozoi'de est  enfonce  en  partie  dans  la  couche  corticale  de  l'ceuf,  ou 
dans  le  cone  d'attraction,  la  substance  membranogene  du  sperma- 
tozoi'de se  dissout  dans  la  couche  corticale  de  l'ceuf,  et  la  membrane 
se  produit.  Cette  membrane  rend  impossible  la  penetration  de  tout 
autre  spermatozoide  dans  l'ceuf. 

L'auteur  a  recemment  trouve  un  fait  qui  concorde  avec  cette  in- 
terpretation: le  pourcentage  des  ceufs  d'Oursin  qui,  apres  formation 
de  la  membrane,  par  suite  du  contact  du  sperme  d'Asterie,  se  devel- 
oppent  en  larves,  est  d'autant  plus  faible  que  Ton  ajoute  plus  de 
NaOH.  En  elevant  la  teneur  de  l'eau  de  mer  en  NaOH,  on  aug- 
mente  aussi  1 'adherence  des  spermatozoides  au  chorion. 
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III. 

Si  ces  idees  sont  correctes,  on  doit  s'attendre  a  ce  que  les  oeufs 

d'Oursins,  dont  le  chorion  est  artificiellement  eloigne,  ne  montrent 

plus  ce  phenomene  singulier.     De  tels  ceufs  devraient  se  developper 

tons  en  larves,  apres  fecondation  par  le  sperme  d'Asterie;  car  c'etait 

seulement  l'agglutination  du  spermatozoi'de  au  chorion  qui  empechait 

la  penetration  du  premier  dans  l'ceuf.     Herbst  a  trouve  qu'une  faible 

addition  d'acide  a  l'eau  de  mer  dissout  le  chorion.     Si  on  place  les 

ceufs  d'Oursin  (S.  purpuratus),  1  minute  1/2  a  3  minutes  dans  50 

n 
cent,  cubes  d'eau  de  mer  +  3  cent,  cubes  HC1  a  yx,  le  chorion  se  trouve 

detruit.  Mais,  alors  qu'il  est  facile  de  feconder  ces  ceufs  avec  du 
sperme  d'Oursin,  on  ne  reussit  generalement  pas  a  le  faire  avec  du 
sperme  d'Asterie,  meme  si  Ton  rend  l'eau  de  mer  fortement  alcaline. 

Cela  conduisit  l'auteur  a  chercher  des  methodes,  par  lesquelles  il 
serait  possible  de  feconder  avec  le  sperme  d'Asterie,  les  ceufs  d'Our- 
sins, meme  apres  que  le  chorion  a  ete  detruit  par  HC1,  ou  au  moins 
fortement  modifie.  Dans  ce  but,  l'auteur  rechercha  si  d'autres  sub- 
stances que  NaOH  ne  seraient  pas  propices  a  la  fecondation  et  il 
trouva  qu'a.  cet  egard  le  calcium  a  une  importance  vraiment  speci- 
fique.  Alors  que,  dans  une  solution  tout  a  fait  depourvue  de  calcium, 
l'ceuf  d'Oursin  ne  peut  pas  etre  feconde  par  le  sperme  d'Asterie, 
l'elevation  de  la  teneur  en  calcium  facilite  l'hybridation  heterogene 
jusqu'au  double  ou  au  quadruple.  L'elevation  du  taux  de  calcium 
rend  possible  la  fecondation  dans  des  solutions  ou  la  teneur  en  NaOH 
est  tres  basse.  Remarquons,  entre  parentheses,  que,  meme  pour  la 
f6condation  de  l'ovule  d'Oursin  par  le  sperme  d'Oursin,  le  calcium  est 
pratiquement  indispensable  (il  ne  peut  etre  remplace  que  par  le 
strontium). 

Si  maintenant  on  met  des  ceufs  d'Oursins  normaux  dans  l'eau  de 
mer  hyperalcaline,  a  laquelle  on  ajoute  en  outre  du  calcium,  et  si  on 
la  feconde  par  des  spermatozoides  d'Asterie,  tous  forment  la  membrane 
de  fecondation,  mais  le  pourcentage  des  ceufs  qui  donnent  des  larves 
est  encore  plus  faible  que  sans  addition  de  calcium.  Dans  l'esprit 
de  notre  hypothese,  le  calcium  augmente  la  tendance  du  spermato- 
zo'ide  a  rester  colle  au  chorion,  ce  qui  empeche  le  cone  d'attraction 
d'entourer  completement  le  spermatozoi'de.     Mais,  si  Ton  traite  les 
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oeufs  cTOursins  par  HC1,  de  facon  a.  dissoudre  ou  a.  modifier  profonde- 
ment  le  chorion,  il  est  possible  de  les  feconder  par  le  sperme  d'Asterie, 
dans  l'eau  de  mer  hyperalcaline,  dont  on  a  eleve  la  teneur  au  calcium. 
On  a  reussi,  dans  beaucoup  d 'experiences,  a  feconder,  par  le  sperme 
d'Asterie,  50  a  80  p.  100  de  ces  ceufs,  dans  ces  solutions  a  teneur  aug- 
mented en  calcium  et  hyperalcalinisees.  Pratiquement  les  ceufs  se 
developpent  tons  en  larves,  ce  qui  prouve  qu'effectivement  c'etait  le 
chorion  qui  empechait  la  penetration  des  spermatozoides  dans  l'ceuf. 
Ces  observations  montrent  que  le  concept  de  la  phagocytose  peut 
faciliter  l'interpretation  des  phenomenes  qui  conditionnent  la  pene- 
tration du  spermatozo'ide  dans  l'ceuf.  II  est  possible,  mais  il  n'est 
pas  encore  prouve,  que  l'entree  du  spermatozoiide  dans  l'ceuf  repose 
sur  des  processus  de  phagocytose  (ou  de  tension  superficielle). 


[Reprinted  from  The  Journal  of  Experimental  Medicine,  October  1,  1917,  Vol.  xxvi, 

No.  4,  pp.  453-475.] 
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That  sterile  filtered  inflammatory  exudates  have  the  power  to  modify  the 
course  of  infection  was  noted  long  ago.  The  chief  discussion  concerning  the 
nature  of  this  phenomenon  has  been  carried  on  by  Bail  and  his  associates  and  by 
those  who  have  contraverted  their  views.  Bail1  gave  to  the  hypothetical  sub- 
stances existing  in  pathological  exudates,  which  alter  the  course  of  infection, 
the  name  "aggressins."  He  thought  that  they  were  secreted  by  the  bacteria 
during  their  growth  in  the  animal  body  and  acted  by  inhibiting  or  by  neutralizing 
the  defensive  mechanisms  of  the  body.  According  to  this  investigator  it  is  to 
these  substances  that  the  bacteria  owe  their  power  to  invade  the  body  tissues  and 
therefore  it  is  upon  their  ability  to  form  them  that  the  property  of  virulence 
depends. 

Wassermann  and  Citron2  have  opposed  the  view  of  Bail  that  these  so  called 
aggressins  represent  substances  set  free  by  the  bacteria  during  their  struggle 
against  the  protective  agencies  of  the  body,  and  believe  that  they  represent 
merely  bacterial  substances  which  may  go  into  solution  either  within  the  body  or 
during  growth  or  autolysis  in  vitro,  and  that  these  substances  act  by  fixing  the 
humoral  immune  bodies  and  so  rendering  them  ineffective;  that  the  mode  of 
action  of  these  substances  therefore  does  not  differ  from  that  of  dead  bacteria. 
It  is  not  german  to  the  present  discussion  to  consider  the  large  amount  of  evidence 
which  has  been  brought  forward  to  support  the  contending  views,  the  chief  pur- 
pose of  the  present  paper  being  to  record  the  demonstration  of  large  amounts  of 
substances  which  neutralize  immunity  principles  in  the  blood  and  exudates  of 
animals  infected  with  pneumococci,  and  to  indicate  the  importance  of  these 
substances  in  the  specific  therapy  of  acute  lobar  pneumonia. 

The  part  which  these  substances  play  in  experimental  pneumococcus  infec- 
tions, especially  their  effect  on  phagocytosis,  has  been  studied  by  Hoke,3  Rose- 

1  Bail,  O.,  Arch.  Hyg.,  1905,  Hi,  272. 

2  Wassermann,  A.,  and  Citron,  J.,  Deutsch.  med.  Woch.,  1905,  xxxi,  1101. 

3  Hoke,  E.,  Wien.  klin.  Woch.,  1905,  xviii,  348. 
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now,4  Tschistowich  and  Jurewich,5  Zade,6  and  Nunokawa.7  Tschistowich  and 
Jurewich  have  made  the  observation  that  thoroughly  washing  virulent,  non- 
phagocytable  pneumococci  in  salt  solution  is  sufficient  to  render  them  phago- 
cytable.  Rosenow,  as  well  as  Tschistowich  and  Jurewich,  has  also  observed 
that  treating  non-virulent,  phagocytable  pneumococci  with  the  washings  from, 
or  extracts  of  virulent  pneumococci  is  sufficient  to  render  the  former  non-phago- 
cytable  and  therefore  virulent,  and  he  has  found  that  this  property  is  retained 
even  after  washing  in  salt  solution.  This  writer  has  given  to  the  hypothetical 
substances  which  may  be  extracted  from  virulent  pneumococci  the  name  "viru- 
lin,"  and  Tschistowich  and  Jurewich  have  given  to  the  substances  which  they 
have  obtained  by  somewhat  similar  methods  the  name  "anti-phagin." 

It  is  evident  that  these  observations,  especially  those  of  Rosenow, 
would  render  necessary  an  entirely  different  conception  of  the  phe- 
nomenon from  that  held  by  Wassermann  and  Citron. 

In  a  considerable  number  of  experiments,  however,  I  have  been 
unable  to  confirm  the  observations  of  Rosenow  that  non-virulent 
pneumococci  may  absorb  and  fix  something  derived  from  virulent 
pneumococci  which  renders  the  former  virulent,  and  for  the  present, 
therefore,  I  am  inclined  to  accept  the  explanation  offered  by  Wasser- 
mann and  Citron,  especially  since  this  conception  is  sufficient  to 
explain  all  the  following  observations. 

The  first  observations  on  which  this  communication  is  based  were 
made  on  the  fluid  removed  from  the  chests  of  persons  suffering  from 
empyema.  The  fluid  from  these  cases  was  examined  for  its  content 
in  pneumococcus  immune  bodies  as  tested  by  agglutination  and  pro- 
tection. Similar  tests  of  the  patient's  blood  showed  that  it  possessed 
well  marked  protective  and  agglutinative  properties,  and  we  were 
therefore  surprised  when  we  found  that  the  empyema  fluid  possessed 
no  such  powers.  A  probable  explanation  seemed  to  be  that,  although 
the  immune  bodies  were  originally  present  in  the  exudate,  they  had 
been  absorbed  by  the  bacteria  present,  just  as  they  may  be  from 
immune  blood  serum  when  bacteria  are  added  in  vitro.  It  occurred 
to  us,  however,  to  test  this  empyema  fluid  after  removal  of  bacteria, 
to  determine  whether  or  not  there  might  be  present  soluble  substances, 

4  Rosenow,  E.  C,  /.  Infect.  Dis.,  1907,  iv,  285. 

5  Tschistowich,  N.,  and  Jurewich,  Y.,  Ann.  Inst.  Pasteur  1908,  xxii,  611. 

6  Zade,  M.,  Z.  Immunitatsforsch.,  Orig.,  1909,  ii,  81. 

7  Nunokawa,  K.,  Z.  Immunitatsforsch.,  Orig.,  1909,  iii,  172. 
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which  would  fix  or  divert  the  immune  substances  contained  in  immune 
serum.     The  following  is  a  protocol  of  one  experiment. 

Case  1. — E.  R.;  age  19  years.  Acute  lobar  pneumonia  followed  by  empyema 
due  to  Pneumococcus  Type  I.  200  cc.  of  thick  pus  were  removed  at  operation. 
A  portion  of  the  fluid  was  centrifugalized  at  high  speed  for  30  minutes,  the  super- 
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Text-Fig.  I.    Protocol   of  an   experiment  showing  the  inhibiting  action  of 
empyema  fluid  on  the  agglutination  of  pneumococci  by  immune  serum. 

natant  fluid  was  removed  to  a  fresh  centrifuge  tube  and  again  centrifugalized 
for  1  hour,  and  finally  diluted  with  an  equal  quantity  of  isotonic  saline  solution 
and  again  centrifugalized  for  30  minutes.  The  perfectly  clear  fluid  as  examined 
microscopically  contained  no  organisms. 

This  fluid  was  then  tested  for  its  power  to  cause  agglutination  of  Type  I  pneu- 
mococci and  also  for  its  power  to  inhibit  the  agglutination  of  pneumococci  by 
Type  I  immune  serum.     The  results  are  given  in  Text-fig.  1. 
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The  fluid  was  then  tested  for  its  power  to  inhibit  the  protective  action  of 
immune  serum  against  infection  with  Type  I  pneumococci  as  tested  in  mice.  To 
guard  against  the  possibility  that  the  fluid,  centrifugalized  as  noted  above,  might 
contain  an  occasional  pneumococcus  which  might  interfere  with  the  result,  it 
was  heated  for  30  minutes  at  56°C.  Cultures  made  from  this  fluid  were  sterile.8 
Text-fig.  2  gives  the  results  of  this  experiment.  They  show  in  a  striking  way 
that  empyema  fluids  may  contain  large  amounts  of  soluble  substances  which 
inhibit  the  action  of  immune  serum. 
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Text-Fig.  2.  Protocol  of  an  experiment  showing  the  inhibiting  action  of 
empyema  fluid  on  the  protection  of  mice  by  immune  serum. 

Similar  tests  have  been  carried  out  with  a  series  of  these  empyema 
exudates  removed  by  aspiration  or  at  operation.  The  results  have 
not  been  so  striking  in  all  the  cases  examined  as  those  shown  in  the 
above  protocol,  though  some  degree  of  inhibition  has  been  present 
in  all  infected  cases.  Several  sterile  serous  fluids  aspirated  from  the 
chest  of  pneumonia  patients,  however,  have  not  exhibited  this 
phenomenon.  The  degree  of  inhibiting  action  is  apparently  depend- 
ent upon  the  degree  of  infection  and  the  time  the  infection  has  lasted 
before  aspiration  is  performed. 

These  observations  indicate  why  it  is  that  infections  in  the  parti- 
ally immunized  animal  tend  to  be  focal  and  why,  when  an  animal 
is  infected  with  organisms  of  slight  virulence,  the  infection  tends  to 
remain  localized.  It  is  probable  that  as  soon  as  bacteria  begin  to 
grow  in  tissue  spaces  these  inhibiting  substances  appear  in  the  in- 

8  In  making  the  tests  with  mixtures  of  serum  and  fluid,  the  mixtures  were 
allowed  to  incubate  for  30  minutes  at  37°C.  before  injection. 
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flammatory  exudate,  and  when  the  fluid  is  not  readily  absorbed  the 
substances  accumulate  in  large  amounts,  so  that  finally,  as  in  empy- 
ema, it  is  practically  impossible  to  produce  a  focal  immunity  reaction 
until  the  focus  is  opened  and  the  fluid,  with  its  content  of  neutraliz- 
ing substance,  is  removed  by  drainage,  when  the  bacteria  remaining 
are  no  longer  protected  from  the  natural  or  artificial  defensive  mechan- 
isms of  the  body  and  so  may  be  overcome.  This  conception  agrees 
in  the  main  with  the  view  held  by  Bail  and  others,  though  the  appli- 
cation of  the  theory  has  previously  been  made  rather  to  the  problems 
of  virulence  and  infection  than  to  those  of  recovery.  The  observa- 
tions previously  mentioned  also  indicate  that  favorable  results  can 
hardly  be  expected  from  the  treatment  of  these  focal  infections  with 
immune  serum,  either  administered  intravenously  or  injected  directly 
into  the  focus  itself  unless  the  pathological  exudate  has  previously 
been  removed.  We  have  made  one  attempt  to  treat  a  patient  suffer- 
ing from  empyema  by  the  direct  injection  of  immune  serum  into  the 
cavity,  but  without  apparent  effect.  These  observations  offer  the 
explanation  for  the  failure.  In  the  treatment  of  focal  infections  with 
immune  serum,  without  drainage,  it  would  be  necessary  to  inject 
sufficient  serum  to  neutralize  all  the  inhibiting  substances  present, 
as  well  as  the  amount  necessary  to  prevent  the  harmful  activities  of 
the  bacteria  themselves. 

Our  next  problem  was  to  discover  whether  or  not  the  inhibiting 
substances  appear  in  the  blood  as  a  result  of  septicemia.  This  was 
first  investigated  by  inoculating  rabbits  with  very  large  injections 
of  pneumococcus  and  testing  the  blood  removed  during  the  height 
of  infection  for  the  presence  of  these  substances.  To  show  that  this 
action  is  due  to  soluble  substances,  and  not  to  the  bacteria  present, 
the  bacteria  have  been  removed  from  the  serum  by  filtration  before 
testing.  The  results  of  one  of  these  experiments  are  given  in  the 
following  protocol. 

Rabbit  1. — Weight  1,300  gm.  July  11,  1916,  12  noon.  Inoculated  intraperito- 
neally  with  1  cc.  of  peritoneal  exudate  of  a  rabbit  previously  infected  with  Type  II 
pneumococci.    5  p.m.    Blood  culture  shows  innumerable  numbers  of  pneumococci. 

July  12,  10  a.m.  Animal  very  sick.  Blood  removed  by  heart  puncture. 
Serum  removed  from  clot  and  passed  through  a  Berkefeld  filter.  Culture  of  fil- 
tered blood  sterile.     The  filtered  blood  was  tested  for  its  power  to  inhibit   the 
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agglutinating  action  of  immune  horse  serum,  Type  II.     Table  I  shows  the  results 
obtained. 

TABLE  I. 


Agglutination. 


0.4  cc.  of  Immune  Serum  II  (1:  40)  +  0.4  cc.  of  fil- 
tered serum 

0.4  cc.  of  Immune  Serum  II  (1:  50)  +  0.4  cc.  of  fil- 
tered serum 

0.4  cc.  of  Immune  Serum  II  (1:  100)  +  0.4  cc  of  fil- 
tered serum 

0.4  cc.  of  Immune  Serum  II  (1:200)  +  0.4  cc.  of  fil- 
tered serum 

0.4  cc.  of  Immune  Serum  II  (1:  4  0)    +  0.4  cc.   of  salt 

solution 

0.4  cc.  of  Immune  Serum  II  (1:  50)    +  0.4  cc.  of  salt 

solution 

0.4  cc.  of  Immune  Serum  II  (1 :  100)  +  0.4  cc.  of  salt 

solution 

0.4  cc.  of  Immune  Serum  II  (1 :  200)  +  0.4  cc.  of  salt 

solution 

0.4  cc.  of  Immune  Serum  II  (1 :  400)  +  0.4  cc.  of  salt 

solution 

0.8  cc.  of  salt  solution 


After  30  minutes  at 
37°C.  0.1  cc.  of 
Culture  II  was 
added  to  each 
tube. 


Results 

after  2  his. 

at   37 "C. 

and  1 8  his. 

on  ice. 


+  + 

+  + 

+  + 

+  + 

+ 
0 


The  results  of  this  and  other  similar  experiments  show  that  spe- 
cific inhibiting  substances  such  as  those  which  are  present  in  patho- 
logical exudates  may  also  be  present  in  the  blood  when  an  animal  is 
suffering  from  a  severe  septicemia. 

Another  method  which  has  been  used  for  testing  the  presence  of 
inhibiting  substances  in  the  blood  is  the  following.  A  rabbit  is  in- 
fected with  pneumococci  and  after  the  infection  has  reached  its  height 
immune  serum  is  injected  intravenously.  At  the  same  time,  and  as  a 
control,  a  normal  rabbit  receives  the  same  amount  of  immune  serum 
intravenously.  Within  a  few  minutes  and  at  varying  periods  fol- 
lowing the  injection  of  the  serum,  samples  of  blood  are  removed 
from  both  rabbits  and  tested  for  their  content  in  antibodies.  For 
this  purpose  agglutination  is  employed.  If  no  neutralization  of 
antibodies  occurs,  it  is  evident  that  the  content  of  the  blood  in  agglu- 
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tinins  immediately  following  the  injection  should  be  the  same  as 
though  the  immune  serum  had  been  diluted  in  vitro  with  a  quantity 
of  fluid  equal  to  the  blood  contained  in  the  rabbit,  and  that  by  making 
repeated  tests  a  curve  showing  the  disappearance  of  the  immune 
bodies  by  destruction  or  excretion  may  be  constructed.  As  a  matter 
of  fact,  numerous  observations  in  normal  rabbits  have  shown  that 
when  the  rabbit's  blood  is  tested  within  a  few  minutes  following  the 
injection  af  immune  serum,  its  content  in  agglutinins  is  about  that 
to  be  expected  when  the  probable  volume  of  blood  in  the  rabbit  and 
the  consequent  dilution  of  the  immume  serum  is  calculated.  On  the 
other  hand,  when  a  similar  injection  is  made  into  an  infected  animal, 
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Text-Fig.  3.  Curves  showing  the  agglutinating  power  of  the  serum  of  normal 
and  infected  rabbits  following  the  injection  of  immune  horse  serum. 

the  agglutinating  power  of  the  serum  obtained  from  it  is  much  less 
than  that  calculated  from  the  probable  dilution;  indeed,  aggluti- 
nating power  may  be  entirely  absent.  Moreover,  when  the  agglu- 
tinating power  is  present,  though  lower  than  that  of  the  serum  of 
the  normal  rabbit,  and  curves  are  made  to  show  the  disappearance 
of  the  agglutinating  power,  it  is  found  that  the  agglutinins  disappear 
much  more  rapidly  from  the  serum  of  the  infected  rabbit  than  they 
do  from  the  serum  of  the  uninfected  rabbit.  Text-fig.  3  shows  in  a 
graphic  manner  the  results  obtained  in  one  of  these  experiments. 

In  these  experiments  the  possibility  cannot  be  excluded  that  the 
fixation  or  neutralization  of  antibodies  is  due  to  the  presence  of  bacteria 
circulating  in  the  rabbit's  blood,  but  previous  observations  make  it 
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improbable  that  the  entire  phenomenon  can  be  due  to  this.  It  seems 
probable  that  the  neutralization  is  due  to  a  considerable  extent  to 
the  presence  of  soluble  inhibiting  substances. 

This  last  method  of  study  is  directly  applicable  to  patients,  and 
a  study  of  this  kind  in  patients  is  of  importance  since  it  is  difficult 
to  produce  in  animals  pneumococcus  infections  which  last  over  a 
period  of  a  week  or  longer,  such  as  those  which  occur  in  man. 
Moreover,  it  was  hoped  that  this  study  would  offer  indications  for 
proper  dosage  of  serum  and  might  even  be  applicable  in  the  treat- 
ment of  the  individual  case.  In  a  series  of  cases,  therefore,  the 
serum  has  been  tested  for  its  content  in  agglutinating  antibodies  both 
before  and  following  the  administration  of  immune  serum. 

The  method  of  procedure  was  as  follows:  Samples  of  the  patient's 
serum  were  obtained  before  any  immune  serum  was  administered  and 
also  5  minutes  following  the  first  dose.  Where  more  than  one  dose 
was  administered  (and  successive  doses  have  usually  been  given  with 

6  to  8  hour  intervals)  other  samples  were  obtained  immediately 
before  and  5  minutes  following  each  subsequent  dose.  Finally, 
following  the  last  dose,  in  certain  cases,  samples  were  obtained  at 
varying  periods  to  observe  the  persistence  of  agglutinins  in  the  blood. 
The  samples  from  each  patient  were  kept  on  ice  until  all  had  been 
obtained  and  they  were  then  tested  on  the  same  day  and  with  the 
same  technique  for  the  presence  of  agglutinins.  The  agglutination 
tests  were  made  by  the  macroscopic  method.  In  each  of  a  series  of 
small  test-tubes  was  placed  0.9  cc.  of  the  serum,  or  of  the  diluted 
serum.  To  each  of  the  tubes  was  then  added  0.1  cc.  of  an  18  hour 
broth  culture  of  pneumococcus  of  the  type  to  which  the  infection  was 
due  and  corresponding  to  the  serum  which  had  been  injected.  The 
results  were  read  by  transmitted  light  after  2  hours  at  37°C.  and 
again  after  the  tubes  had  remained  on  ice  over  night. 

Employing  these  methods,  agglutinin  curves  have  been  made 
from  30  cases  suffering  from  Type  I  infection  and  receiving  serum, 
9  cases  suffering  from  Type  II  infection,  and  also  serum  treated, 

7  cases  with  Type  II  infection,  who  received  no  serum,  4  of  Type 
III,  not  serum  treated,  2  of  Type  IV  not  serum  treated,  and  1 
case  due  to  Type  IV  infection  who,  through  a  mistake  in  diagnosis, 
received  several  doses  of  Type  I  serum,  making  a  total  of  53  cases. 
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Cases  Due  to  Type  I  Infection  Treated  with  Serum. 

Of  these  cases,  3  were  treated  on  the  2nd  day,  5  on  the  3rd  day, 
5  on  the  4th  day,  4  on  the  5th  day,  9  on  the  6th  day,  3  on  the  7th  day, 
and  1  on  the  9th  day.  All  but  two  of  the  cases  recovered.  The 
charts  and  protocols  of  several  cases,  which  illustrate  the  relation  of 
agglutinin  titer  to  the  clinical  course  and  to  the  temperature  curve, 
are  given  below. 

Case  1. — R.  R.,  student;  age  22  years.  This  patient  was  admitted  January  8, 
191 7  at  7  p.m.  suffering  from  pneumonia  involving  the  left  lower  lobe.  The  onset 
had  been  quite  typical  with  chill,  48  hours  before  admission.  He  was  moder- 
ately sick;  temperature  102. 5°F.,  pulse  115,  respirations  30.  The  leukocytes 
numbered  3 1,000  and  the  blood  culture  was  positive,  the  plates  showing  one  colony 
per  cc.  of  blood.  The  sputum  was  bloody ;  a  small  amount  was  at  once  inoculated 
into  a  mouse.  The  following  morning  tests  made  of  the  growth  in  the  peritoneal 
cavity  of  the  mouse  showed  that  the  patient  was  suffering  from  an  infection  with 
Type  I  pneumococci.  12.17  p.m.  The  intravenous  injection  of  antipneumococcus 
serum  was  commenced.  Although  the  serum  was  given  slowly,  after  he  had 
received  about  35  cc.  he  had  some  signs  of  serum  intoxication,  suffusion  of  the 
face,  respiratory  difficulty,  and  he  vomited  several  times.  The  administration 
of  serum  was  therefore  at  once  discontinued.  No  tests  were  made  of  the  agglu- 
tinating power  of  his  serum  before  or  after  this  treatment.  The  patient's  con- 
dition did  not  materially  change  during  the  afternoon  and  at  5  p.m.  serum  was 
again  administered;  this  time  80  cc.  were  given  without  any  untoward  symptoms. 
A  sample  of  blood  was  taken  just  before  and  another  one  5  minutes  following  the 
administration  of  the  serum.  When  tested  later,  it  was  found  that  the  blood 
before  administering  the  serum  contained  no  agglutinins  for  pneumococcus;  the 
sample  of  blood  taken  following  the  administration  of  serum  agglutinated  Type  I 
pneumococcus  in  a  dilution  of  1:15.  This  represents  a  concentration  of  anti- 
bodies fully  equal  to  that  which  might  be  expected,  taking  into  consideration  the 
titer  of  the  serum  injected  and  the  probable  volume  of  the  patient's  blood.  The 
patient's  condition  did  not  materially  improve  after  this  injection,  so  that  another 
dose  of  90  cc.  of  serum  was  administered  at  12  midnight.  A  specimen  of  blood 
which  was  obtained  just  before  this  injection  showed  that  the  agglutinating  power 
had  not  diminished  during  the  time  intervening  since  the  preceding  dose,  and  the 
specimen  of  blood  taken  5  minutes  after  the  serum  was  injected  showed  an  in- 
creased concentration  of  agglutinins,  so  that  now  agglutination  occurred  with  a 
1:30  dilution  of  serum.  Immediately  following  this  injection  the  temperature 
rose  to  106°F.  and  he  had  a  shaking  chill.  The  temperature  then  began  to  fall, 
being  only  98. 1°F.  at  8  a.m.  With  this  fall  in  temperature,  the  patient's  condition 
markedly  improved.  During  the  day,  the  temperature  again  rose  slowly,  without, 
however,  any  other  unfavorable  features.     As  the  temperature  at  8  p.m.  was 
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102°F.,  it  was  decided  to  administer  another  dose  of  serum,  and  90  cc.  were  given, 
without  any  reaction.  The  test  of  the  patient's  serum  obtained  before  this 
treatment  showed  that  the  agglutinins  had  fallen  slightly,  agglutination  occurring 
in  a  dilution  of  1 :  15,  but  after  the  treatment  the  titer  again  rose  to  1 :  40.  Fol- 
lowing this  treatment  the  patient  made  a  good  recovery. 
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Text-Fig.  4.  Chart  showing  the  curve  of  the  agglutinin  titer  and  the  tem 
perature  curve  of  R.  R. 


In  this  case,  therefore,  which  was  mild  or  of  only  moderate  severity, 
treated  early  in  the  disease,  the  administration  of  immune  serum  was 
followed  by  a  satisfactory  concentration  of  antibodies  in  the  blood 
and  there  was  no  evidence  of  fixation  or  neutralization  of  the  injected 
immune  substances.     This  is  graphically  shown  in  Text-fig.  4. 
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Case  2. — I.  S.,  tailor;age32  years.  This  patient  wasadmitted  about  8  hours  fol- 
lowing the  initial  chill.  There  were  definite  signs  of  involvement  of  both  lower 
lobes  and  he  presented  all  the  characteristic  features  of  acute  lobar  pneumonia. 
His  temperature  on  admission  was  103. 5°F.,  pulse  120,  respirations  48.  He  ap- 
peared seriously  sick;  the  blood  culture  taken  on  admission  was  positive.  The 
diagnosis  of  the  type  of  infecting  organism  was  made  by  inoculation  of  sputum 
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Text-Fig.  5.  Chart  showing  the  curve  of  the  agglutinin  titer  and  the  tem- 
perature curve  of  I.  S. 

into  a  mouse,  and  at  12  midnight,  12  hours  after  admission,  he  was  given  his  first 
treatment.  As  the  curves  presented  in  Text-fig.  5  show,  the  first  dose  of  serum 
imparted  to  the  blood  a  well  marked  power  of  agglutination,  and  each  subsequent 
dose  was  followed  by  an  increase  of  this  property.  With  the  increase  of  aggluti- 
nins in  the  blood  there  occurred  an  improvement  in  the  patient's  condition,  the 
temperature  fell,  and  he  finally  recovered  completely. 
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The  two  examples  given  above  illustrate  the  effects  of  serum  treat- 
ment in  the  cases  due  to  Type  I  infection,  when  the  serum  is  given 
early  and  in  large  amounts,  and  when  the  infection  has  not  reached 
too  high  a  grade  before  the  treatments  are  commenced.  Since  in 
twenty-eight  out  of  the  thirty  cases  recovery  followed  the  administra- 
tion of  the  serum,  we  did  not  have  great  opportunity  to  study  cases 
of  this  type  in  which  the  serum  was  not  effective.  In  all  the  cases 
treated  with  this  type  of  serum  agglutinins  could  be  demonstrated 
in  the  patient's  blood  2  to  3  minutes  after  the  administration  of  75 
to  100  cc.  of  serum.  The  agglutinating  power  varied  somewhat, 
though  in  most  cases  it  occurred  with  a  dilution  of  1:10  or  more. 
The  refinements  of  the  method  are  not  sufficient  to  justify  our  cal- 
culating in  each  case  the  probable  dilution  and  the  consequent  prob- 
able loss  in  agglutinins  in  the  short  interval  elapsing  before  the  first 
tests  were  made.  In  general,  where  the  administration  of  subsequent 
doses  of  the  serum  has  not  led  to  a  prompt  increase  of  the  agglutinins 
in  the  blood  above  the  previous  level  the  fall  of  temperature  has  been 
longer  delayed  and  more  serum  has  been  required  than  in  the  cases 
in  which  a  regular  step-like  rise  took  place.  In  comparing  the  tem- 
perature and  agglutination  curves  in  these  cases  it  has  been  necessary 
to  keep  in  mind  the  fact  that  the  temperature  alone  does  not  offer 
a  safe  and  sure  criterion  for  judging  the  patient's  condition  and  there- 
fore for  the  effectiveness  of  the  serum.  In  view  of  this  fact  it  has 
been  surprising  to  see  the  considerable  uniformity  with  which  the 
temperature  and  agglutination  curves  run  in  opposite  directions. 
With  rise  of  agglutinating  power  the  temperature  curve  falls. 

Of  more  importance  than  the  immediate  rise  in  agglutinins  follow- 
ing the  first  dose  is  probably  the  persistence  of  the  agglutinins  in  the 
blood  during  the  subsequent  8  to  10  hours  elapsing  before  the  fol- 
lowing dose  of  serum  is  given.  In  only  five  of  the  cases  did  a  decrease 
during  this  period  occur.  In  three  of  the  cases  the  loss  occurred  only 
following  the  first  dose.  Following  the  subsequent  doses  the  con- 
centration reached  a  high  level  and  persisted.  The  data  in  these 
three  cases  is  not  sufficient  to  enable  us  to  state  categorically  that  this 
loss  indicated  a  greater  severity  of  infection,  though  taken  in  connec- 
tion with  our  other  observations  this  seems  probable.  Two  of  these 
three  cases  were  treated  on  the  4th  day  and  one  on  the  6th.     They 
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required  two,  three,  and  four  doses  of  serum  respectively  and  all 
made  good  recoveries  following  the  serum  treatment.  In  one  of  the 
other  cases  in  which  the  agglutinating  power  disappeared  before  the 
following  dose  was  given,  the  concentration  of  immune  bodies  fol- 
lowing the  first  three  doses  was  such  that  agglutination  did  not  occur 
with  dilutions  greater  than  1:5,  and  following  the  first  two  doses  this 
power  disappeared  completely  before  the  subsequent  dose  was  given. 
It  was  only  after  numerous  doses  had  been  given  that  the  concen- 
tration of  agglutinins  reached  any  considerable  level  and  persisted. 
Altogether  this  patient  required  eleven  doses  of  serum  given  over  7 
days.  Treatment  was  commenced  in  this  patient  on  the  2nd  day, 
but  it  was  not  pushed  with  great  vigor  at  the  start,  the  first  dose  being 
80  cc,  with  18  hours  elapsing  before  the  administration  of  the  second 
dose  of  70  cc,  and  12  hours  again  elapsing  before  the  administration 
of  the  third  dose  of  80  cc.  This  case  suggested  very  strongly  the 
inadvisability  of  inactive  treatment  at  the  start.  This  patient 
ultimately  recovered  and  there  occurred  no  extension  of  the  lesion 
to  other  lobes,  but  the  temperature  remained  high  for  10  days  and 
he  was  very  ill.  Finally,  the  last  case  in  which  the  agglutinins  dis- 
appeared between  subsequent  doses  and  in  which  there  occurred 
difficulty  in  causing  a  persistent  concentration  of  immune  bodies  in 
the  patient's  blood  by  the  administration  of  immune  serum  was  one 
of  the  two  cases  which  ended  fatally.  The  curves  taken  from  the 
record  of  this  case  are  shown  in  Text-fig.  6.  It  is  apparent  from  the 
curves  that  it  was  not  until  treatment  had  been  continued  for  3 
days,  and  nine  doses  had  been  given,  that  a  persistent  concentration 
of  immune  bodies  at  a  high  level  was  attained.  Even  following  this 
there  was  a  constant  tendency  for  the  concentration  of  immune  bodies 
in  the  serum  to  fall,  rather  than  to  rise. 

It  should  be  noted  that  the  treatment  in  this  patient  was  com- 
menced only  on  the  6th  day,  and  11  and  13  hours  elapsed  between  the 
first  and  second,  and  the  second  and  third  doses,  respectively.  He  was 
desperately  ill  on  admission;  temperature  104. 5°F.,  pulse  136,  and  the 
blood  culture  showed  an  extremely  high  grade  of  infection,  over  300 
colonies  per  cc.  In  spite  of  this  he  lived  until  the  12th  day.  It  seems 
that  in  this  case  the  serum  prolonged  life.  The  infection  and  in- 
toxication, however,  at  the  start  were  so  great  that,  although  the 
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infection  could  be  kept  down,  the  intoxication  could  not  be  recovered 
from.  In  this  instance  it  is  likely,  judging  from  the  experimental 
observations,  that  the  presence  of  large  amounts  of  soluble  inhibiting 
substances  in  the  blood  prevented  the  action  of  the  immune  serum. 
It  is  probable  that  in  such  cases  very  late  in  the  disease  these  sub- 
stances may  be  so  large  in  amount  that  no  practical  amount  of  immune 
substances  can  neutralize  them.  If  these  conceptions  are  correct, 
the  importance  of  giving  very  large  doses  of  immune  serum  at  the 
beginning  of  treatment  is  apparent. 

In  the  other  fatal  case,  persistent  high  concentration  of  immune 
bodies  in  the  patient's  blood  was  obtained  without  difficulty  Never- 
theless, the  patient's  condition  did  not  improve  and  repeated  doses  of 
serum  were  administered.  Type  I  pneumococci  had  been  obtained 
from  the  sputum,  and  the  blood  culture  showed  47  colonies  per  cc. 
of  the  same  organisms.  Treatment  was  commenced  on  the  6th  day 
and  the  patient  died  on  the  10th  day.  The  pathological  changes  were 
extensive  in  both  lungs.  The  autopsy  showed  a  very  widespread 
tuberculous  involvement  of  both  upper  lobes  and  the  upper  portion 
of  the  lower  lobe  on  each  side.  At  the  base  of  one  lung,  however, 
was  a  small  area  of  complete  consolidation,  differing  in  appearance 
from  the  remainder  of  the  tuberculous  lung.  This  proved  on  study 
to  be  a  typical  acute  diffuse  pneumonic  process  and  from  it  Type  I 
pneumococci  were  cultivated.  We  have  here  an  instance  in  which  the 
serum  was  apparently  effective  against  the  specific  infection,  but 
death  occurred  on  account  of  factors  associated  with  the  primary 
and  extensive  tuberculosis. 

A  further  interesting  case  in  this  connection  was  one  due  to  Type 
IV  infection.  Owing  to  a  mistake  in  the  early  determination  of  the 
type  of  infection  the  patient  received  several  doses  of  Type  I  serum 
before  the  mistake  was  discovered.  In  this  patient,  although  he  was 
quite  ill,  the  administration  of  the  serum  caused  a  prompt  appearance 
of  agglutinins  in  the  blood  and  this  increased  with  the  subsequent 
doses,  without  any  material  fall. 

These  studies  of  agglutination  curves  in  the  cases  of  Type  I  in- 
fection, however,  while  instructive  and  suggestive,  do  not  after  all 
give  definite  proof  that  the  effect  of  immune  serum  is  limited  by  the 
presence  of  soluble  substances  in  the  blood.     When  they  are  con- 
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sidered,  however,  in  the  light  of  the  observations  on  the  Type  II 
cases  which  follow,  the  evidence  becomes  much  more  suggestive. 

Cases  Due  to  Type  II  Infection. 

The  reader  shou]d  be  reminded  at  the  outset  that  it  has  been 
impossible  to  produce  a  serum  against  Type  II  pneumococci  which 
is  as  active  either  in  vitro  or  in  vivo  as  is  the  serum  against  Type  I 
pneumococci.  Whereas  the  horse  serum  against  Type  I  infection 
is  of  such  a  strength  that  0.2  cc.  will  regularly  protect  a  mouse  against 
0.1  cc.  of  virulent  culture,  it  has  been  impossible  to  produce  an  immune 
Type  II  serum  of  any  greater  activity  than  that  0.2  cc.  will  protect  a 
mouse  against  0.01  cc.  of  culture.  Moreover,  the  active  Type  I 
sera  usually  cause  agglutination  of  homologous  organisms  in  dilutions 
of  1:400  or  over;  the  Type  II  sera  usually  cause  agglutination  in 
dilutions  no  greater  than  1 :  200.  It  should  also  be  noted  that  the 
capsule  formation  of  Type  II  pneumococci  is  more  highly  developed 
than  is  that  of  Type  I  pneumococci.  Dochez  and  Avery9  have  pointed 
out  that  production  of  precipitable  substances  in  the  blood  and  urine 
of  infected  animals  apparently  bears  some  relationship  to  this  property 
of  capsule  development,  the  Type  III  organisms,  which  possess  large 
capsules,  forming  most  of  this  substance,  the  Type  II  organisms, 
which  have  smaller  capsules,  producing  less,  and  the  Type  I  organisms, 
which  have  small  capsules,  producing  still  less.  While  it  is  not  cer- 
tain that  the  substances  in  the  infected  animals  which  give  rise  to 
fixation  of  antibodies  are  identical  with  those  concerned  in  the  pre- 
cipitation phenomenon,  it  seems  likely  that  this  is  the  case. 

Studies  of  the  agglutinin  content  of  the  blood  were  made  in  nine 
cases  of  Type  II  infection  which  received  Type  II  serum.  Of  these 
patients,  four  recovered  and  five  died.  Of  the  patients  who  recovered, 
in  two  treatment  was  commenced  on  the  3rd  day,  in  one  on  the  4th 
day,  and  in  one  on  the  5th  day.  Of  the  fatal  cases,  treatment  was 
commenced  in  one  on  the  3rd  day,  in  one  on  the  5th  day,  and  in  the 
others  on  the  6th  day.  In  all  the  four  cases  which  recovered,  a 
satisfactory  and  persistent  concentration  of  agglutinins  in  the  blood 
appeared.     In  one  of  the  fatal  cases,  practically  no  agglutinins  ap- 

9  Dochez,  A.  R.,  and  Avery,  O.  T.,  /.  Exp.  Med.,  1917,  xxvi,  477. 
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peared  in  the  blood  in  spite  of  four  doses  of  serum;  in  one  a  satis- 
factory concentration  appeared  only  after  three  doses,  and  then 
disappeared;  in  another  a  satisfactory  concentration  was  obtained 
only  on  the  9th  day,  after  five  doses  of  serum;  in  another,  while 
a  satisfactory  concentration  of  agglutinins  was  obtained  on  the  day 
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Text-Fig.  7.   Chart  showing  the  curve  of  the  agglutinin  titer  and  the  tem- 
perature curve  of  E.  F. 

treatment  was  commenced,  the  6th  day,  the  patient  was  at  that  time 
suffering  from  meningitis,  from  which  he  died  2  days  later.  In  the 
remaining  case  only  one  dose  of  serum  was  given,  2  hours  before  death; 
no  agglutinating  power  appeared  in  the  blood.  Text-figs.  7  and  8 
show  graphically  the  results  of  observations  made  in  two  of  the  fatal 
cases. 
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Case  1. — E.  F.,  porter;  age  46  years.  This  patient  was  admitted  on  the  5th  day 
of  the  disease  with  an  extensive  lung  involvement  and  very  severe  septicemia, 
the  blood  cultures  showing  1,000  colonies  per  cc.  His  condition  was  very  seri- 
ous ;  temperature  104°F.,  pulse  104,  respirations  64,  and,  in  spite  of  four  doses  of 
serum  within  24  hours,  the  patient  died.  It  will  be  noted  that  immediately 
following  the  administration  of  75  cc.  of  serum,  the  undiluted  blood  showed  power 
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Text-Fig.  8.  Chart  showing  the  curve  of  the  agglutinin  titer  and  the  tem- 
perature curve  of  S.  F. 


of  agglutination,  but  this  property  had  disappeared  within  7  hours,  and  follow- 
ing the  subsequent  doses  the  blood  showed  no  agglutinating  power  whatever. 
It  is  evident,  therefore,  that  in  this  severely  infected  case  the  immune  bodies  in 
the  serum  disappeared  from  the  blood  as  fast  as  they  were  administered. 

Case  2. — S.  F.,  clerk;  age  31  years.  This  patient,  though  admitted  early  in  the 
disease,  was  extremely  ill;  temperature  103. 3°F.,  pulse  160,  respirations  56.  The 
blood  culture  showed  400  colonies  per  cc.  and  the  following  morning,  before  the 
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first  dose  of  serum  was  given,  the  culture  showed  1,600  colonies  per  cc.  Fol- 
lowing the  first  two  doses  of  serum  there  occurred  an  immediate  appearance  of 
agglutinins  in  the  blood  in  low  dilutions,  which,  however,  disappeared  or  became 
minimum  in  amount  before  the  succeeding  doses.  In  spite  of  the  extreme  grade 
of  blood  infection,  the  number  of  organisms  present  in  the  blood  diminished  follow- 
ing these  two  doses,  the  cultures  on  the  morning  of  the  4th  day  showing  only  20 
colonies  per  cc.  There  was  a  satisfactory  increase  in  agglutinins  following  the 
third  dose,  but  it  will  be  noted  that  15  hours  were  allowed  to  elapse  between  this 
dose  and  the  succeeding  one,  and  during  this  time  the  agglutinins  had  entirely 
disappeared  and  the  subsequent  doses  produced  little  or  no  effect  on  the  agglutinin 
content  (Text-fig.  8).     The  patient  died  on  the  6th  day. 

Five  patients  suffering  from  Type  II  infection  who  received  no 
serum  were  also  studied  to  observe  the  appearance  of  agglutinins  in 
the  blood.  All  these  recovered.  In  four  of  these  instances  at  the 
end  of  the  disease  there  developed  well  marked  power  of  agglutination ; 
in  one  of  them  agglutination  in  the  serum  obtained  on  the  10th  day- 
occurred  in  a  dilution  of  1 :  100.  In  the  fifth  no  agglutinins  appeared 
in  the  blood,  though  this  was  not  studied  later  than  the  12th  day. 
This  patient  received  optochin,  as  did,  however,  several  of  the  cases 
in  which  agglutinins  developed. 

DISCUSSION. 

Xeufeld  and  Haendel,10  Dochez,11  and  others  have  shown  that  specific 
immune  substances  usually  appear  in  the  blood  during  recovery 
from  obar  pneumonia.  This  is  shown  by  an  increase  in  protective 
power  of  the  blood  for  mice  against  homologous  infection.  Cough12 
has  made  similar  observations  and  he  and  others  have  also  noted 
that  in  certain  instances  the  protective  power  is  accompanied  by 
the  power  of  inducing  in  vitro  phagocytosis  of  virulent  homologous 
pneumococci  which  are  not  phagocytable  in  normal  serum.  It 
would  seem,  therefore,  that  bacteriotropins  represent  one  form  of 
immune  body  playing  a  part  in  this  protective  phenomenon.  Bull13 
has  brought  forward  experimental  evidence  which  indicates  strongly 
that  the  phenomenon  of  agglutination  is  of  great  importance  in  the 

10  Xeufeld,  F.,  and  Haendel,  Arb.  k.  Gsndhtsamte.,  1910,  xxxiv,  166. 

11  Dochez,  A.  R.,  /.  Exp.  Med.,  1912,  xvi.  665. 

12  Clough,  P.  W..  Bull.  Johns  Hopkins  Hosp.,  1913,  xxiv,  295. 

13  Bull,  C.  G.,  J.  Exp.  Med.,  1915,  xxii,  457. 
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action  of  immune  serum  in  pneumococcus  infection.  It  is  possible 
that  several  different  antibodies  or  phenomena  take  part  in  the 
mechanism  of  pneumococcus  humoral  immunity.  The  observations 
I  have  mentioned,  as  well  as  unpublished  observations  made  in  this 
laboratory,  indicate  strongly  that  natural  recovery  in  pneumonia  is 
associated  with  the  development  of  humoral  immunity  and  probably 
occurs  because  of  this  development.  In  the  individual  case,  however, 
the  factors  which  determine  recovery  or  death  cannot  be  stated  so 
simply.  In  mild  cases  probably  a  very  slight  grade  of  humoral 
immunity  may  be  sufficient  to  prevent  progress  of  the  disease,  a 
grade  of  immunity  which  can  be  detected  with  difficulty  by  our 
present  means.  In  other  instances  the  reaction  required  on  the  part 
of  the  body  may  be  very  great  and  the  immunity  phenomena  exhibited 
by  the  serum  when  tested  outside  the  body  may  be  very  vigorous  and 
marked. 

The  phenomenon  of  agglutination  offers  one  ready  means  for  testing 
the  degree  of  humoral  immunity.  It  is,  however,  not  the  only  one 
and  it  is  unsafe  to  judge  of  the  immunological  effectiveness  of  a  serum 
solely  by  its  agglutinating  strength.  The  protective  power  and 
agglutinating  power  of  immune  horse  serum,  however,  tend  to  run 
parallel.  Consequently,  the  study  of  agglutinating  power  of  the 
blood  of  patients,  such  as  has  been  made  in  the  present  instance, 
must  be  of  considerable  value  in  indicating  the  presence  or  absence 
of  humoral  immunity.  If  recovery  in  pneumonia  is  due  to  the 
development  of  humoral  immunity,  the  study  of  its  appearance 
during  recovery  and  especially  of  its  appearance  following  treatment 
with  immune  serum,  should  be  of  significance.  In  commencing  the 
study  it  was  thought  that  the  method  might  be  employed  to  graduate 
the  dosage  of  immune  serum  in  the  treatment  of  the  individual  case. 
If  recovery  is  due  to  the  appearance  of  immune  bodies  in  the  blood, 
the  ideal  serum  treatment  would  be  such  that  sufficient  serum  be 
administered  to  produce  the  required  concentration  of  immune  bodies 
and  no  more.  It  soon  became  apparent,  however,  that  such  a  method, 
testing  the  blood  before  and  after  the  administration  of  each  dose, 
involved  so  much  time  and  labor  that  it  would  not  be  of  practical 
value.  It  has  seemed,  however,  that  the  repeated  tests  of  the  serum 
in  a  series  of  cases,  as   has   been  done  here,   give  us  considerable 
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knowledge  of  the  mode  of  action  of  the  serum  and  offer  valuable 
suggestions  for  the  routine  dosage  and  mode  of  application  of  the 
serum.  The  studies  have  further  indicated  strongly  that  during 
infection  not  only  must  sufficient  immune  substances  be  added  to 
bring  about  a  concentration  sufficient  to  sensitize  all  the  bacteria, 
produce  their  agglutination,  opsonification,  etc.,  but  in  addition 
there  must  be  a  sufficient  amount  administered  to  neutralize  any 
soluble  substances  present  in  the  serum  which  have  the  property 
of  neutralizing  and  fixing  the  immune  substances.  It  is  realized 
that  the  occurrence  of  these  soluble,  fixing  substances  in  the  blood  of 
infected  patients  has  not  been  directly  demonstrated.  The  experi- 
mental observations  in  animals  previously  described,  however, 
make  it  altogether  probable  that  these  substances  are  present  in 
severe  infections.  It  must  be  admitted  that  in  most  instances 
where  there  was  failure  of  immune  substances  to  appear  in  the  blood, 
or  where  the  immune  bodies  disappeared  very  rapidly  following  their 
administration,  bacteriemia  was  shown  to  be  present  before  the  first 
dose  of  serum  was  administered.  In  several  cases,  however,  the  blood 
infection  could  not  be  demonstrated  after  the  first  dose,  and  never- 
theless, rapid  disappearance  of  the  immune  bodies  occurred  following 
the  subsequent  doses.  In  one  instance  in  which  the  rapid  disappear- 
ance of  immune  bodies  occurred,  the  blood  cultures  taken  both  before 
and  after  the  administration  of  serum  were  sterile.  However,  it 
seems  likely  that  in  all  cases  when  fixation  of  immune  bodies  occurs, 
blood  infection  has  at  some  time  been  present,  though  the  possibility 
that  the  fixing  substances  may,  in  certain  instances,  arise  entirely  in 
local  foci  cannot  be  excluded. 

The  nature  of  the  substances  bringing  about  the  fixation  can  at  pres- 
ent only  be  conjectured.  The  demonstration,  however,  by  Dochez 
and  Avery9  of  substances  giving  rise  to  precipitates  in  the  blood  and 
urine  of  infected  patients  makes  it  probable  that  the  same  substances 
are  responsible  for  the  phenomenon  of  fixation  that  we  have  studied. 
They  have  apparently  shown  that  these  substances  may  be  excreted 
or  formed  by  the  bacteria  during  their  growth,  and  it  is  also  probable 
that  substances  contained  in  the  bacteria  and  set  free  during  their 
dissolution  may  give  rise  to  the  same  phenomenon. 

The  observations  made  in  this  study  have  a  practical  bearing  on  the 
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question  of  the  therapeutic  administration  of  immune  serum.  The 
amount  of  serum  necessary  to  be  given  does  not  depend  merely  on  the 
weight  of  the  patient  and  therefore  on  the  consequent  dilution  of  the 
serum  in  the  body.  It  is  also  not  entirely  dependent  on  the  degree 
of  infection  present.  If  the  patient  is  treated  early  before  large 
amounts  of  the  soluble  substance  are  present,  a  moderate  amount  of 
serum  may  be  sufficient,  even  though  the  grade  of  blood  infection 
may  be  considerable.  On  the  other  hand,  if  the  infection  has  con- 
tinued for  a  considerable  time,  and  large  amounts  of  soluble,  fixing 
substance  are  present  in  the  blood,  the  amount  of  serum  required 
may  be  very  large.  It  is  therefore  evident  that  it  is  important  that 
the  patient  be  treated  as  early  as  possible  and  before  large  amounts 
of  these  fixing  substances  are  formed.  Moreover,  the  importance 
of  treating  very  actively  at  the  start  in  order  that  all  these  fixing 
substances  may  be  at  once  neutralized  and  the  progress  of  the  in- 
fection immediately  and  entirely  overcome  is  apparent.  It  is  there- 
fore our  plan  at  present  to  treat  all  patients  with  Type  I  infection 
with  large  initial  doses,  and  to  repeat  the  treatment  every  6  to  8 
hours  as  long  as  may  be  necessary.  It  is  possible  that  the  Type  II 
serum  is  less  effective  than  Type  I  serum  not  only  because  its  con- 
centration of  immune  bodies  is  less  than  that  of  Type  I  serum,  but 
also  because  the  power  of  pneumococci  of  this  type  to  produce  fixing 
substances  is  more  highly  developed  than  is  that  of  pneumococci  of 
Type  I. 

CONCLUSIONS. 

1.  In  empyema  fluids  resulting  from  infection  with  pneumococci 
there  are  present  large  amounts  of  soluble  substances  which  have 
the  property  of  neutralizing  pneumococcus  antibodies. 

2.  Similar  substances  are  found  in  the  blood  of  infected  rabbits. 

3.  When  immune  serum  is  injected  into  infected  rabbits  the  im- 
mune substances  disappear  very  quickly,  and  therefore  are  prevented 
from  activity  in  overcoming  the  infection. 

4.  When  immune  serum  is  administered  to  patients  severely  in- 
fected with  pneumococci,  the  immune  bodies  may  also  disappear 
very  rapidly,  and  this  disappearance  is  probably  associated  with  the 
presence  of  such  soluble  substances  in  the  blood. 
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5.  The  serum  only  becomes  effective  when  these  substances  are 
neutralized. 

6.  The  study  of  agglutination  curves  is  of  value  in  showing  why 
in  certain  instances  favorable  results  have  not  followed  the  use  of 
immune  serum. 

7.  It  is  important  that  in  severely  infected  patients  the  serum  be 
administered  early  in  the  disease  and  that  the  initial  dosage  be  large. 


[Reprinted  from  The  Journal  of  Experimental  Medicine,  October  1,  1917,  Vol.  xxvi, 

No.  4,  pp.  477-493.] 


THE  ELABORATION  OF  SPECIFIC  SOLUBLE  SUBSTANCE 
BY  PNEUMOCOCCUS  DURING  GROWTH. 

By  A.  R.  DOCHEZ,  M.D.,  and  O.  T.  AVERY,  M.D. 

{Front  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  June  1,  1917.) 

From  the  study  of  bacterial  infections  in  man  and  the  lower  animals 
evidence  has  been  accumulated  that  pathogenic  organisms  do  not 
produce  harmful  effects  from  their  mere  physical  presence.  The 
general  reaction  or  toxemia  of  infection  is  differentiated  from  the 
local  process  which  in  many  instances  is  the  only  tangible  expression 
of  bacterial  invasion.  Substances  of  a  harmful  nature  seem  to 
pass  out  from  the  bacteria  and  through  the  circulating  medium  of 
the  animal  to  injure  cells  and  organs  at  a  distance  "from  the  site  of 
infection.  An  explanation  of  the  nature  and  mode  of  action  of 
these  substances  has  been  one  of  the  great  problems  in  the  study  of 
infection.  Certain  bacteria,  such  as  diphtheria,  tetanus,  and  others, 
when  grown  in  artificial  media  form  a  soluble  toxin  whose  action 
when  injected  into  animals  differs  in  no  way  from  that  manifested 
when  the  same  bacteria  grow  in  living  tissue.  The  majority  of 
pathogenic  bacteria  are  not  known  to  form  these  soluble  toxins 
during  their  life  processes.  The  capacity  of  the  latter  to  intoxicate 
has  been  explained  by  their  setting  free  upon  death  a  toxin  which 
during  life  is  retained  within  the  cell  body.  Some  investigators  hold 
the  view  that  intoxication  by  these  bacteria  arises  in  the  body  of  the 
infected  animal  from  the  splitting  of  the  bacterial  protein  into  toxic 
degradation  products.  These  explanations  of  bacterial  intoxication 
are  not  so  satisfactory  nor  so  well  substantiated  as  are  the  facts 
concerning  infection  with  bacteria  which  produce  known  soluble 
toxins. 

Pneumococcus  is  a  highly  pathogenic  microorganism  which  is  not 
known  to  secrete  a  soluble  toxin,  and  whose  harmful  effects  are  sup- 
posed to  be  due  either  to  the  setting  free  of  intracellular  toxins  or 
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to  the  formation  on  disintegration  of  toxic  split  products.  In  the 
present  paper  it  is  shown  that  this  organism  during  the  early  stages 
of  its  growth  forms  a  readily  soluble  substance  which  diffuses  into  the 
culture  medium  in  vitro,  and  in  human  and  animal  infections  is 
present  in  the  circulating  blood,  whence  it  passes  through  the  kidneys 
into  the  urine.  We  have  not  as  yet  been  able  to  demonstrate  with 
certainty  that  this  substance  is  responsible  for  the  intoxication  that 
accompanies  lobar  pneumonia. 

Formation  of  a  Soluble  Substance  in  Culture  Media. 

In  1897  Kraus1  demonstrated  for  the  first  time  the  presence  of  specific  precip- 
itable  substances  in  the  germ-free  culture  filtrates  of  certain  bacterial  species. 
This  work  was  subsequently  extended  by  other  observers  so  that  it  is  now  known 
that  a  large  number  of  bacteria  give  rise  to  these  substances  in  the  media  in  which 
they  grow.  The  precipitin  reaction  obtained  with  these  substances  is  strictly 
specific  and  occurs  only  when  an  homologous  immune  serum  is  used.  These 
culture  fluids  have  been  studied  after  the  bacteria  have  grown  in  them  for  24 
hours  or  more  and  their  presence  has  been  supposed  to  be  due  to  the  passing  into 
solution  of  the  bacterial  substance  upon  disintegration  of  the  cells.  The  same 
precipitable  substances  may  be  demonstrated  in  the  bacteria-free  salt  solution 
or  distilled  water  extracts  of  organisms  grown  on  solid  media. 

Neufeld2  has  shown  that  solutions  of  pneumococcus  obtained  by  the  addition 
of  small  amounts  of  bile  to  bouillon  cultures  produce  a  specific  precipitate  in  the 
presence  of  immune  rabbit  serum.  Wadsworth3  has  obtained  similar  results 
not  only  with  bile  solutions  but  also  with  filtered  salt  solution  extracts  of  pneu- 
mococcus. Panichf1  demonstrated  the  presence  of  a  specific  precipitable  sub- 
stance in  the  filtrate  of  bouillon  cultures  of  pneumococcus. 

The  fact  which  we  wish  to  emphasize  in  this  study  is  that  pneumo- 
coccus from  the  time  it  starts  to  grow  elaborates  in  the  medium  of 
its  environment  a  specific  substance  of  bacterial  origin  in  consider- 
able amounts  and  that  the  early  presence  of  this  soluble  substance 
is  not  attributable  to  the  death  and  subsequent  disintegration  of  the 
bacterial  cell,  but  represents  the  extrusion  into  the  medium  of  bac- 
terial substance  during  the  life  processes  of  the  organism. 

1  Kraus,  R.,  Wien.  klin.  Woch.,  1897,  x,  736. 

2  Neufeld,  F.,  Z.  Hyg.  u.  Injcdionskrankh.,  1902,  xl,  54. 

3  Wadsworth,  A.,  /.  Med.  Research,  1903-04,  x,  228. 

4  Panichi,  L.,  Centr.  Bakteriol.,  lit  Abt..  Orig.,  1907,  xliii,  188. 
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TABLE   I. 
Rate  of  Growth  of  Culture. 


No.  of  hrs. 

Colonies  per  cc. 

0 

810,000 

2 

1,170,000 

4 

26,000,000 

6 

245,000,000 

8 

297,000,000 

12 

382,000,000 

24 

No  growth  from  0.0001  cc. 

48 

«         it         ''0  1          " 

Titration  of  Precipitin  Reaction  in  Culture  Fluid. 


Dilution. 

After 
0  hrs. 

After 
2  hrs. 

After 
4  hrs. 

After 
6  hrs. 

After 
8  hrs. 

After 
12  hrs. 

After 
24  hrs. 

After 
48  hrs. 

1 

1 

* 

zfc 

+  +  + 

1 

5 

- 

- 

+  + 

1 

10 

- 

- 

± 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1 

15 

- 

- 

zfc 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1 

20 

- 

- 

zfc 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1 

25 

- 

- 

=fc 

+  + 

+  + 

+  +  + 

+  +  + 

+  +  + 

1 

30 

- 

- 

zfc 

+ 

+  + 

+  + 

+  4  + 

+  + 

1 

40 

- 

- 

- 

+ 

+ 

+  + 

+  + 

+ 

1 

50 

- 

- 

- 

zfc 

+ 

+ 

+ 

+ 

1 

60 

— 

— 

— 

zfc 

zfc 

zfc 

zfc 

=fc 

1 

80 

— 

— 

— 

zfc 

zfc 

zfc 

zfc 

zfc 

1 

100 

— 

— 

— 

— 

— 

zfc 

zfc 

zfc 

1 

120 

— 

— 

— 

— 

— 

zfc 

zfc 

zfc 

1 

160 

— 

— 

— 

— 

— 

— 

— 

zfc 

1 

200 

— 

— 

— 

— 

— 

— 

— 

zfc 

1 

240 

_ 

_ 

_ 

— 

— 

— 

— 

zt 

Control. 

-  ' 

- 

- 

- 

- 

- 

- 

- 

*  —   indicates  no  reaction;    =*=,  faint 
flocculation ;  +  +  +,  heavy  flocculation. 


trace;    +,  visible  precipitation;    ++, 


In  the  following  experiment  a  flask  of  bouillon  was  incubated  with 
a  small  amount  of  an  early,  rapidly  growing  culture  of  pneumococcus. 
A  young  culture  was  chosen  in  order  to  avoid  the  occurrence  of  bac- 
terial lag,  during  which  some  cell  death  occurs.  At  varying  intervals 
during  the  growth  of  the  culture,  fractions  were  withdrawn  from  the 
flask,  freed  from  bacteria,  and  the  cell-free  fluid  was  tested  for  the 
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presence  of  precipitable  substances.  A  bacterial  count  was  made  of 
each  specimen  in  order  to  determine  that  the  culture  was  growing  at 
a  maximum  rate  and  that  little  or  no  cell  disintegration  had  occurred 
at  the  time  when  this  substance  was  already  present  in  considerable 
amounts.  The  quantity  of  precipitable  substance  present  in  a 
given  specimen  was  determined  by  ascertaining  the  maximum  dilu- 
tion of  the  cell-free  fluid  at  which  precipitation  occurred  on  the  addi- 
tion of  homologous  antipneumococcus  serum. 

A  protocol  in  which  Type  III  pneumococcus  was  studied  is  given, 
since  this  organism  forms  a  large  amount  of  soluble  substance,  whereas 
Type  II  and  Type  I  form  lesser  amounts  in  the  order  named. 

The  bacterial  counts  in  the.  experiment  given  (Table  I)  show  that 
the  cultures  grew  at  a  maximum  rate  for  about  12  hours.  Chesney5 
has  shown  in  an  elaborate  study  that  during  this  period  the  bacteria 
increase  in  geometric  progression  and  that  the  curve  of  generation 
time  may  be  plotted  as  an  ascending  straight  line.  From  this  the 
deduction  may  be  drawn  that  during  the  first  12  hours  little  or  no 
cell  death  occurs.  Examination  of  the  precipitin  reaction  with  the 
bacteria-free  filtrates  of  specimens  removed  from  the  culture  during 
the  first  12  hours  of  growth  reveals  the  fact  that  the  bacterial  sub- 
stance passes  into  solution  in  the  culture  medium  in  easily  demon- 
strable amounts  during  this  time.  This  would  seem  to  indicate  that 
this  soluble  substance  is  not  the  result  of  bacterial  disintegration 
but  represents  an  actual  extrusion  of  the  cell  substance  into  the 
medium  during  the  life  processes  of  the  organism. 

Presence  of  Soluble  Substance  Derived  from  Pneumococcus  in  the  Blood 
and  Urine  of  Infected  Rabbits. 

The  demonstration  that  pneumococcus  during  its  growth  in  fluid 
media  gives  rise  to  a  soluble  substance  suggested  the  likelihood  that 
the  same  substance  might  be  detected  in  the  body  fluids  of  experi- 
mentally infected  animals.  In  order  to  test  this  assumption,  a  rab- 
bit was  injected  intraperitoneally  with  1  cc.  of  the  blood  of  a  rabbit 
infected  with  pneumococcus.  At  varying  intervals  after  infectioD 
specimens  of  blood  were  collected  from  the  heart,  and  the  serum, 

6  Chesney,  A.  M.,  J.  Exp.  Med.,  1916,  xxiv,  387. 
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freed  from  cells,  was  passed  through  a  Berkefeld  filter  in  order  to 
remove  the  organisms  that  had  reached  the  blood  stream.  The 
bacteria-free  serum  was  then  tested  for  the  presence  of  precipitable 
substances  by  the  addition  of  homologous  immune  serum.  The  urine 
of  these  rabbits  was  also  tested  to  find  out  whether  the  soluble  bac- 
terial substance  passed  through  the  kidneys  and  could  be  demon- 
strated by  the  precipitin  reaction  in  the  animal's  urine.  In  Table  II 
an  example  is  given  in  which  the  rabbit  had  been  infected  with  a 
Type  II  pneumococcus. 

TABLE   II. 

Pneumococcus  Precipitin  Reaction  in  the  Blood  Serum  of  a  Rabbit  Infected  with 

Pneumococcus  Type  II. 


Time. 

Before   infection. 

2  hrs.  after 
infection. 

4  hrs.  after 
infection. 

6  hrs.  after 
infection. 

8  hrs.  after 
infection. 

Type  serum.... 

I 

II 

I 

II 

I 

II 

I 

II 

I 

II 

Result 

* 

- 

- 

± 

- 

+  ± 

- 

+  + 

- 

+  + 

*  —  indicates  negative;  ±,  faint  trace;  ++,  marked  flocculation. 

Tests  of  rabbit  urine  cannot  be  made  at  regular  intervals  because 
of  the  failure  of  the  animal  to  void  frequently.  Specimens  at  the 
end  of  24  hours,  however,  showed  a  marked  precipitate  when  mixed 
with  the  serum  corresponding  in  type  with  the  organism  with  which 
the  animal  was  infected. 

The  experiment  given  in  Table  II  demonstrates  the  fact  that  within 
a  short  period  of  time  after  intraperitoneal  injection  of  a  rabbit 
with  pneumococcus  there  is  present  in  the  filtered  blood  serum  a 
specifically  reacting  bacterial  substance  of  pneumococcus  origin. 
This  substance  readily  passes  from  the  blood  through  the  kidneys 
into  the  urine  and  can  there  be  demonstrated  in  considerable 
concentration. 


Presence  of  Soluble  Substance  Derived  from  Pneumococcus  in  the  Blood 
and  Urine  of  Patients  Suffering  from  Lobar  Pneumonia. 

The  fact  that  the  pneumococcus  forms  a  readily  soluble  substance 
during  growth  in  artificial  media  and  in  the  body  fluids  of  animals 
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experimentally  infected  makes  it  not  unreasonable  to  assume  that 
the  same  substance  is  formed  by  pneumococcus  during  the  course  of 
natural  infection  in  human  beings.  In  order  to  find  out  whether  or 
not  this  is  so,  the  blood  sera  and  urine  of  a  large  number  of  patients 
suffering  from  pneumonia  due  to  pneumococcus  of  Types  I,  II,  and 
III  were  studied  for  the  presence  of  this  soluble  material.  Specimens 
of  serum  were  obtained  at  varying  intervals  during  the  disease  and 
the  urine  was  examined  frequently  throughout  the  course  of  the 
infection  and  during  convalescence.  If  the  precipitin  reaction  was 
not  positive  with  the  whole  urine,  a  method  of  concentrating  the  urine 
was  employed.  It  has  been  found  that  the  soluble  substance  to  which 
the  pneumococcus  gives  rise  is  precipitated  by  alcohol  and  after 
precipitation  is  again  readily  soluble  in  water.  In  order  to  concen- 
trate the  precipitable  substance  in  urine  to  25  cc.  or  more  of  the  24 
hour  specimen  a  few  drops  of  acetic  acid  are  added  and  the  urine  is 
then  boiled  down  to  a  volume  of  5  cc,  filtered  through  paper  to  remove 
any  precipitate  of  albumin  that  may  occur,  and  the  filtrate  added  to 
eight  to  ten  volumes  of  95  per  cent  alcohol.  The  precipitate  which 
forms  is  collected  by  centrifugalization  and  dried  to  remove  the 
excess  of  alcohol  and  the  residue  extracted  with  2  or  3  cc.  of  salt 
solution  which  redissolves  the  specific  substance.  Any  insoluble 
material  is  removed  by  centrifuging  and  the  clear  salt  solution  extract 
used  in  the  precipitin  test.  Results  of  this  study  are  presented  in 
Table  III. 

In  Table  III  are  presented  the  studies  on  the  presence  of  the 
specifically  precipitable  substance  in  the  blood  serum  during  life  of 
a  number  of  patients  suffering  from  lobar  pneumonia.  Almost  all 
the  patients  studied  showed  a  strongly  positive  precipitin  reaction 
in  the  urine  and  were  chosen  for  the  purpose  of  finding  out  whether 
at  a  time  when  the  substance  was  being  excreted  in  largest  amounts 
it  could  also  be  demonstrated  in  the  circulating  blood.  In  all,  25 
cases  were  examined,  of  which  10  were  due  to  infection  with  Type  I 
pneumococcus,  11  with  Type  II,  and  4  with  Type  III.  Of  the  Type  I 
infections,  none  gave  a  positive  precipitin  reaction  in  the  serum, 
although  in  all  but  one  the  urine  was  positive  at  the  time  the  tests 
were  made  and  in  three  instances  the  reaction  in  the  urine  was  heavy, 
indicating  the  excretion  of  the  soluble  substance  in  considerable 
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TABLE   El. 
Pneumococcus  Precipitin  Reaction  in  the  Blood  Serum  during  Lobar  Pneumonia. 


Blood  test. 


Day  of  disease.      Result. 


Blood 
culture 


Urine. 


Serum 
treat- 
ment. 


Result  of 

disease. 


Remarks. 


Pneumococcus  Type  I  infection. 


2,821 

6 

- 

- 

+  + 

+ 

Recovered. 

Total,   10  cases; 
died. 

2 

2,816 

8,9,10,11,12 

- 

+ 

+  + 

+ 

Died. 

2,901 

5,7,9 

- 

+ 

+  + 

+ 

it 

2,968 

6,7 

- 

+ 

+ 

+ 

Recovered. 

2,936 

7,9 

- 

- 

sfc 

+ 

M 

2,815 

4 

- 

- 

+ 

+ 

« 

2,824 

3 

- 

- 

db 

+ 

tt 

2,883 

5,6,  7 

- 

- 

- 

+ 

M 

2,858 

3,4,5 

- 

- 

+ 

+ 

« 

2,891 

3 

— 

— 

+ 

+ 

« 

Pneumococcus  Type  II  infection. 


2,885 

3,4,6 

— 

— 

+ 

+ 

Recovered. 

2,845 

6 

+  + 

+ 

+  + 

+ 

Died. 

2,868 

4 

7 

— 

— 

+ 

— 

Recovered. 

2,829 

1 

- 

- 

- 

- 

it 

2,879 

2 
7 

— 

+ 

+ 

+ 

tt 

2,892 

5,6 

+ 

+ 

+  + 

- 

Died. 

2,834 

6,7,9,  10,  11 

- 

+ 

+  + 

+ 

M 

2,922 

4,5,6 

— 

-3 
+  7 

+ 

+ 

Recovered. 

3,006 

2,3 

— 

— 

+  + 

— 

Died. 

Blood  culture  posi- 
tive on  6th  day. 

3,031 

3,5,  7 

+ 

+ 

+  + 

+ 

«< 

2,869 

3,4,5 

+ 

=t 

+ 

+ 

<( 

Pneumococcus  Type  III  infection. 

2,898 

5,6,  7 

+  + 

+ 

++ 

— 

Died. 

Total, 

4  cases. 

2,947 

6,  10,  11 

zfc 

- 

+ 

- 

Recovered. 

2,797 

+ 

- 

+ 

- 

Died. 

2,783 

7 

+ 

+ 

+ 

— 

u 
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quantity.  The  failure  to  demonstrate  the  substance  in  blood  in  Type 
I  pneumonias  may  be  partly  attributable  to  the  fact  that  all  these 
cases  were  treated  with  Type  I  antipneumococcus  serum,  which  is 
known  to  cause  the  disappearance  of  the  substance  from  the  urine 
in  many  cases  during  treatment.  It  has  also  been  shown  by  in  vitro 
experiments  that  Pneumococcus  Type  I  forms  less  of  the  soluble 
substance  than  organisms  of  Types  II  and  III.  The  sera  of  11  cases 
of  Type  II  pneumonia  were  studied.  The  urine  reaction  was  positive 
in  10  of  these,  while  the  precipitin  reaction  in  the  blood  was  positive 
in  4  instances.  Of  these  11  cases  7  were  treated  with  Type  II  serum. 
Among  the  7  serum  treated  cases,  3  showed  a  positive  precipitin 
reaction  in  the  blood.     Of  the  4  cases  not  treated  with  serum,  only 

1  gave  a  positive  blood  test.  A  positive  blood  culture  was  obtained 
in  7  of  the  1 1  cases  studied.  Of  the  4  cases  with  a  positive  precipitin 
test  in  the  serum,  all  showed  a  positive  blood  culture,  while  of  the 
7  cases  with  a  negative  precipitin  test  in  the  serum,  3  had  a  positive 
blood  culture.  All  4  patients  showing  a  positive  precipitin  reaction 
in  the  blood  serum  died,  whereas  of  the  7  with  a  negative  serum  test, 

2  died  and  5  recovered. 

4  cases  of  pneumonia  due  to  Pneumococcus  Type  III  were  studied. 
All  gave  a  positive  precipitin  test  in  the  blood  serum.  Blood  cul- 
tures were  positive  in  2  instances  and  the  precipitin  reaction  in  the 
urine  was  positive  in  all.  The  infection  was  fatal  in  3  of  the  4 
patients. 

In  Table  IV  are  presented  the  results  of  the  examination  of  the 
urine  for  the  precipitable  pneumococcus  substance  in  88  cases  of 
pneumonia  due  to  the  fixed  types  of  pneumococcus  I,  II,  and  III. 
Of  these  88  cases,  35  were  Type  I,  28  were  Type  II,  8  were  Type 
II  (atypical),  and  17  were  Type  III.  Repeated  tests  of  the  urine 
were  made  during  the  course  of  the  disease  from  within  12  hours  after 
onset  in  one  instance  to  the  58th  day  in  another.  Of  the  35  cases  due 
to  Type  I  infection,  20  were  positive  and  15  negative.  A  positive  blood 
culture  occurred  in  13  of  the  35.  cases.  Among  the  13  cases  with 
positive  blood  culture,  9  showed  a  positive  urine  reaction  and  4  gave 
a  negative  result.  Of  the  20  cases  with  positive  urine  reaction,  2 
died;  of  the  14  negative  cases  all  recovered.  All  these  instances  of 
Type  I  infection  were  serum  treated.     The  administration  of  serum 
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TABLE   IV. 
Pneumococcus  Precipitin  Reaction  in  the  Urine  during  Lobar  Pneumonia. 


Case  No. 


U    4*     ' 

O    0)     ■ 

i—   i 

ill 

~a        <n 

_o 
u 

•a      o! 

c  £    - 

3 

"3 

_c 

%tti 

ay  o 

was 
live 

>-,  o  u 

3C.O 

o 

o 

e  c 

h 

S 

« 

Q 

Q 

03 

!S> 

j        Result  of  disease. 


Remarks. 


Pneumococcus  Type  I  infection. 


days 

2,816 

+  + 

6 

6 

6 

+ 

+ 

Died. 

2,936 

+ 

6 

6 

18 

- 

+ 

Recovered. 

2,968 

+  + 

5 

5 

14 

+ 

+ 

2,858 

+ 

3 

4 

1 

- 

+ 

2,996 

+ 

3 

3 

15 

- 

+ 

2,891 

+ 

3 

3 

5 

— 

+ 

2,965 

+ 

6 

6 

16 

- 

- 

2,952 

+ 

2 

5 

3 

— 

+ 

2,804 

+ 

6 

6 

26 

- 

+ 

2,955 

+  + 

6 

6 

26 

+ 

+ 

2,925 

+ 

1 

1 

1 

+ 

+ 

2,908 

+ 

5 

13 

5 

- 

+ 

2,924 

+ 

5 

5 

22 

- 

+ 

2,913 

+ 

5 

5 

1 

- 

+ 

2,945 

+ 

5 

5 

29 

+ 

+ 

2,906 

+ 

2 

2 

31 

+ 

+ 

Delayed 
resolution. 

2,852 

+ 

4 

4 

2 

+ 

+ 

2,949 

+ 

8 

11 

24 

- 

+ 

2,901 

+ 

5 

5 

4 

+ 

+ 

Died. 

2,917 

-!- 

6 

- 

— 

— 

+ 

Recovered. 

2,814 

- 

2  - 

- 

- 

- 

+ 

2,944 

— 

5 

— 

— 

- 

+ 

2,874 

- 

3 

- 

- 

+ 

+ 

2,815 

- 

4 

- 

- 

- 

+ 

2,824 

- 

3 

- 

- 

- 

+ 

2,821 

- 

6 

- 

- 

— 

+ 

2,984 

- 

7 

- 

- 

- 

+ 

3,020 

— 

3 

- 

- 

+ 

+ 

3,043 

- 

3 

- 

- 

- 

+ 

3,011 

- 

5 

- 

- 

+ 

+ 

2,883 

- 

4 

- 

- 

- 

+ 

2,954 

- 

4 

- 

- 

- 

+ 

2,880 

- 

3 

- 

- 

+ 

+ 

3,019 

+ 

4 

8 

42 

+ 

+ 

(empyema). 

3,033 

— 

2 

— 

— 

— 

+ 

Recovered. 
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TABLE   TV — Continued. 


Case  No. 

c 
o 

CJ 

6 

V 

s5 

Day  of  disease 
when      urine 
was  first  test- 
ed. 

Day  of  disease 
when      urine 
was  first  posi- 
tive. 

3  —--3 
O 

3 

"3 
U 

•O 
O 

_o 
pq 

3 

Eg 
in 

Result  of  disease. 

Remarks. 

Pneumococcus  Typ 

e  II  infection. 

days 

2,869 

++ 

2 

2 

2 

+ 

+ 

Died. 

2,922 

+ 

3 

3 

40 

+ 

+ 

Recovered. 

3,006 

+ 

2 

2 
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in  Type  I  pneumonia  often  results  in  the  temporary  disappearance 
of  the  substance  from  the  urine.  Upon  cessation  of  treatment  the 
soluble  substance  may  reappear  in  the  urine. 

Of  28  cases  of  Type  II  infection,  20  gave  positive  precipitin  re- 
action in  the  urine,  and  8  were  negative.  A  positive  blood  culture 
occurred  in  11  of  the  28  cases.  Among  the  J.1  cases  with  positive 
blood  culture,  10  gave  a  positive  urine  reaction  and  1  a  negative 
result.  Of  the  20  cases  with  a  positive  urine  test,  10  died;  of  8  negative 
cases  all  recovered. 

Among  8  cases  of  infection  with  atypical  Type  II  pneumococcus, 

3  gave  a  positive  precipitin  reaction  in  the  urine  and  5  a  negative 
reaction.  Inasmuch  as  a  normal  Antipneumococcus  Serum  Type  II 
was  used  in  determining  the  presence  of  soluble  substance  in  the 
urine  of  individuals  infected  with  atypical  Type  II  pneumococcus, 
a  lower  percentage  of  positive  urine  reactions  should  be  expected 
in  this  series,  since  the  precipitin  titer  of  normal  Type  II  serum  is  low 
for  these  atypical  organisms. 

17  cases  of  pneumonia  due  to  infection  with  Pneumococcus  Type 
III  were  studied.  Pneumococcus  precipitinogen  was  demonstrated 
in  the  urine  of  12  of  these  instances,  and  was  absent  in  5.  A  positive 
blood  culture  was  obtained  in  6  of  the  17  cases.  Of  the  6  cases  hav- 
ing pneumococcus  septicemia,  5  showed  a  positive  precipitin  reaction 
in  the  urine.     7  of  the  12  cases  giving  a  positive  urine  test  died,  while 

4  of  the  5  negative  cases  recovered. 

A  summary  of  88  cases  of  pneumonia  due  to  the  fixed  types  of 
pneumococcus  shows  that  the  soluble  substance  of  pneumococcus 
origin  was  demonstrable  in  the  urine  of  55  (62.5  per  cent)  of  these 
patients  at  some  stage  of  the  disease  and  in  39  instances  was  positive 
on  the  first  examination.  Among  the  55  cases  with  a  positive  pre- 
cipitin reaction  in  the  urine,  20  had  a  fatal  outcome,  giving  a  mortal- 
ity of  36.4  per  cent,  and  of  the  33  cases  with  a  negative  urine  test, 
2  died;  a  mortality  of  6  per  cent.  In  addition  to  the  88  individuals 
suffering  from  pneumonia  due  to  the  fixed  Types  I,  II,  and  III,  10 
cases  of  Type  IV  pneumonia  and  14  cases  of  respiratory  disease  due 
to  other  organisms  were  studied  for  the  presence  of  a  precipitin 
reaction  in  the  urine.  Each  urine  was  tested  with  standard  Anti- 
pneumococcus Sera  Types  I,  II,  and  III.     In  no  instance  was  a  posi- 
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tive  reaction  obtained  at  any  stage  of  the  disease,  a  fact  which  es- 
tablishes beyond  doubt  the  specificity  of  the  reaction. 

In  addition  to  the  presence  of  the  soluble  substance  of  pneumo- 
coccus  origin  in  the  blood  and  urine,  it  has  also  been  found  in  other 
body  fluids.  In  certain  cases  it  can  be  readily  demonstrated  in  pleural 
fluids  and  pericardial  exudates  and  in  the  spinal  fluid  of  pneumococcus 
meningitis. 

Certain  facts  have  been  ascertained  concerning  the  chemical 
characteristics  of  this  substance.  The  specific  substance  is  not 
destroyed  by  boiling.  It  is  readily  soluble  in  water  and  is  precipi- 
table  in  acetone,  alcohol,  and  ether,  after  which  it  may  be  easily 
redissolved  in  water.  It  is  precipitated  by  colloidal  iron,  and  does 
not  dialyze  through  parchment.  The  immunological  reactions  of 
the  substance  are  not  affected  by  proteolytic  digestion  with  trypsin 
and  it  is  not  split  by  urease.  The  determination  of  total  nitrogen  and 
nitrogen  partition  on  the  active  substance  obtained  by  repeated 
precipitation  with  acetone  and  alcohol  shows  the  substance  to  be  of 
protein  nature  or  to  be  associated  with  protein. 

One  of  the  chief  points  of  interest  in  the  discovery  of  the  soluble 
substance  of  pneumococcus  is  whether  this  substance  is  in  any  way 
responsible  for  the  intoxication  which  attends  pneumococcus  in- 
fection. Studies  to  ascertain  the  answer  to  this  question  are  being 
actively  carried  on  at  the  present  time  but  have  not  as  yet  progressed 
to  the  point  at  which  a  definite  answer  can  be  given.  It  may  be 
said,  however,  that  its  toxicity  is  in  no  way  comparable  to  that  of 
diphtheria  toxin.  On  the  other  hand,  it  possesses  a  degree  of  toxicity 
which,  exhibited  throughout  the  course  of  an  infection,  may  account 
for  the  signs  of  intoxication  in  lobar  pneumonia. 

DISCUSSION. 

The  preceding  experimental  data  have  shown  that  a  specifically 
reacting  substance  of  pneumococcus  origin  occurs  in  the  bacteria- 
free  filtrates  of  young  cultures  of  pneumococcus  and  also  in  the  blood 
serum  and  urine  of  patients  during  lobar  pneumonia.  The  occur- 
rence of  specifically  precipitable  substances  in  the  cell-free  filtrate 
of  bacterial  cultures  has   been  known   ever  since   the  early  obser- 


392  ELABORATION   OF   SPECIFIC   SOLUBLE   SUBSTANCE 

vation  of  Kraus.  It  has  been  abundantly  confirmed  by  other  in- 
vestigators with  a  variety  of  bacteria.  In  general,  the  presence  of 
this  precipitable  substance  has  been  demonstrated  in  culture  fluids 
so  old  that  an  opportunit}'  has  occurred  for  cell  death  and, disintegra- 
tion and  consequent  solution  of  bacterial  protein.  In  this  paper  it  is 
shown  that  there  is  present  in  solution  in  the  culture  fluid  in  which 
pneumococcus  is  grown,  a  soluble  substance  in  considerable  amounts 
at  a  time  when  no  cell  death  or  disintegration  has  occurred.  Con- 
sequently this  substance  does  not  represent  dead  dissolved  bacterial 
protein,  but  the  elaboration  and  passage  into  solution  of  a  substance 
which  is  the  product  of  the  life  activity  of  the  cell.  In  addition  to  the 
evidence  already  cited  in  support  of  this  fact,  it  has  been  demon- 
strated that  the  soluble  substance  is  present  in  culture  fluids  in  con- 
siderable concentration  at  a  time  when  no  hemolysin  is  present.  This 
pneumococcus  hemolysin  is  an  intracellular  body  which  does  not 
appear  in  culture  fluids  until  destruction  of  the  bacterial  cell  has 
taken  place;  hence  if  the  soluble  substance  described  were  purely  of 
intracellular  origin  the  curve  of  its  concentration  in  culture  fluids 
would  be  coincident  with  that  of  the  hemolysin.  This,  however,  is 
not  the  case,  for  the  curve  of  hemolysin  does  not  begin  to  rise  until  a 
time  when  the  curve  of  the  soluble  substance  has  almost  attained 
its  maximum  elevation. 

The  formation  of  a  soluble  substance  by  the  pneumococcus  on 
growth  in  vitro  suggested  the  probability  that  an  analogous  substance 
would  be  formed  on  growth  of  the  organism  in  the  animal  body  and 
because  of  the  readiness  with  which  the  substance  passes  into  solu- 
tion one  would  expect  no  difficulty  in  demonstrating  it  in  the  body 
fluids  of  experimentally  infected  animals.  Examination  of  the  blood 
and  urine  of  rabbits  infected  with  pneumococcus  has  shown  this  sub- 
stance to  be  present  in  considerable  quantities  following  intraperi- 
toneal infection.  Ascoli  and  Valenti6  have  demonstrated  in  the 
organisms  of  animals  infected  with  anthrax  a  substance  specifically 
precipitable  with  antianthrax  serum.  Bail7  has  shown  the  presence  of 
a  substance  in  the  exudates  of  animals  infected  with  anthrax  which, 
when  the  fluids  were  freed  from  bacteria,  increased  the  infectious 

6  Ascoli,  A.,  and  Valenti,  E.,  Centr.  BakterioL,  lte  AbL,  Ref.,  1911,  xlviii,  243. 

7  Bail,  O.,  Arch.  Hyg.,  1905,  lii,  272;  1905,  liii,  302. 
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power  of  anthrax  bacilli.  This  substance  he  has  called  aggressin 
and  he  considers  it  to  be  an  excretory  product  of  the  anthrax  bacillus 
which  favors  the  invasion  of  animal  tissues  by  this  organism.  It  is 
possible  that  the  substances  described  by  Ascoli  and  Valenti,  and  Bail 
are  similar  in  the  mechanism  of  their  formation  to  the  soluble  sub- 
stance produced  by  the  pneumococcus.  Although  our  study  of  other 
bacteria  has  been  rather  limited,  it  has  been  demonstrated  that 
certain  other  species,  such  as  meningococcus,  Bacillus  typhosus,  and 
Bacillus  dysenteric,  also  give  rise  to  soluble  material  during  their 
growth  in  fluid  media. 

A  study  of  the  serum  of  patients  suffering  from  lobar  pneumonia 
has  shown  that  this  soluble  specific  substance  is  also  present  in  the 
circulating  blood  during  the  course  of  the  disease  in  man.  It  gives  a 
specific  precipitin  reaction  with  antipneumococcus  serum  correspond- 
ing in  type  to  the  organism  with  which  the  individual  is  infected. 
This  soluble  precipitable  substance  in  human  serum  is  less  frequently 
present  in  demonstrable  quantities  than  in  the  serum  of  experimen- 
tally infected  animals.  However,  it  has  been  found  both  when  pneu- 
mococci  are  present  in  the  circulating  blood  and  when  by  blood  cul- 
ture organisms  are  absent.  Complement  fixation,  as  well  as  the 
precipitin  reaction,  may  be  used  for  the  demonstration  of  this  sub- 
stance in  serum.  Although  the  soluble  substance  is  relatively  in- 
frequently present  in  demonstrable  quantities  in  the  circulating 
blood,  it  is  not  unlikely,  from  the  fact  that  the  substance  appears  in  a 
much  larger  percentage  of  cases  in  the  urine,  that  it  is  much  more 
commonly  present  in  the  blood  than  observed,  but  in  quantities 
that  are  below  the  threshold  of  demonstration. 

A  study  of  the  urine  in  112  cases  of  lobar  pneumonia  and  closely 
related  respiratory  diseases  has  shown  that  in  62.5  per  cent  of  pneu- 
monia due  to  Pneumococcus  Types  I,  II,  and  III,  a  substance  is 
excreted  in  the  urine  which  reacts  specifically  with  antipneumococcus 
serum  of  the  type  corresponding  to  the  organism  with  which  the 
individual  is  infected.  This  substance  may  appear  as  early  as  12 
hours  after  the  initial  chill,  or  may  appear  for  the  first  time  at  a 
later  stage  of  the  disease,  and  may  continue  to  be  excreted  for  many 
days  after  recovery  has  occurred.  In  certain  instances  in  which 
excretion  occurred  over  a  long  time,  its  persistence  in  the  urine  could 
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be  explained  by  delayed  resolution,  a  condition  which  represents 
the  passage  of  the  acute  pneumococcus  infection  of  the  lung  into 
one  of  a  more  chronic  character.  In  other  instances  of  continued 
excretion  not  explainable  on  these  grounds,  the  substance  must  have 
been  stored  in  the  tissues  and  must  have  passed  into  the  circulating 
blood  to  be  excreted  by  the  kidneys  withcrat  loss  of  its  specific  char- 
acter. It  is  the  rule  to  find  the  substance  in  the  urine  when  pneu- 
mococcal septicemia  exists.  The  amount  of  precipitable  substance 
in  the  urine  seems  to  be  a  measure  of  the  severity  of  the  infection. 
This  fact  may  be  dependent  upon  the  quantity  of  the  substance 
being  directly  proportional  to  the  actual  amount  of  infection  or  it 
may  be  that  the  amount  of  this  substance  formed  bears  some  re- 
lationship to  the  virulence  of  the  particular  strain  of  pneumococcus 
responsible  for  the  infection.  Most  of  the  instances  which  fail  to 
show  the  presence  of  a  precipitable  substance  in  the  urine  recover, 
whereas  .the  mortality  is  high  among  those  in  which  its  presence  is 
demonstrable.  If  large  amounts  are  excreted  the  outcome  is  usually 
fatal,  unless  this  result  is  prevented  by  the  administration  of  anti- 
pneumococcus  serum.  The  specific  precipitin  test  in  the  urine  is 
therefore  of  considerable  prognostic  value.  It  may  also  be  used  in 
making  a  rapid  diagnosis  of  the  type  of  organism  with  which  an  in- 
dividual is  infected  and  in  our  experience  a  positive  test  in  the  urine 
is  quite  as  reliable  as  the  agglutination  of  the  organism  isolated  from 
the  sputum.  The  precipitin  test  in  the  urine,  however,  should  not 
supplant  the  usual  diagnostic  technique  in  the  determination  of  the 
type  of  pneumococcus. 

11  years  ago  Fornet8  claimed  to  have  demonstrated  in  the  serum 
and  urine  of  patients  suffering  from  typhoid  fever  a  substance  speci- 
fically precipitated  by  antityphoid  serum.  From  what  we  now  know 
it  would  seem  likely  that  his  observations  were  correct  despite  the 
fact  that  subsequent  investigators  failed  to  confirm  them. 

Ascoli9  has  shown  that  precipitinogen  may  pass  the  kidneys  and 
appear  in  the  urine  where  it  exhibits  its  specific  reaction.  We  have 
been  able  to  show  that  if  rabbits  are  inoculated  intravenously  with 

8  Fornet,  O.,  Munch,  med.  Woch.,  1906,  xxxviii,  1862. 

9  Ascoli,  M.,  cited  in  Kolle,  W.,  and  von  Wassermann,  A.,  Handbuch  der 
pathogenen  Mikroorganismen,  Jena,  2nd  edition,  1913,  ii,  750. 
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soluble  pneumococcus  material  a  specific  precipitin  reaction  can  be 
obtained  in  the  urine  within  24  hours  and  that  the  specific  substance 
continues  to  be  excreted  for  a  number  of  days.  In  such  an  experi- 
ment the  material  injected  contained  no  formed  living  pneumococci. 
Pettit10  has  demonstrated  that  if  rats  are  injected  with  diphtheria 
toxin,  this  substance  can  be  shown  to  be  excreted  in  the  urine  in 
active  form  following  the  inoculation. 

SUMMARY. 

1.  A  specifically  reacting  substance  of  bacterial  origin  is  present  in 
the  cell-free  fluids  of  young  cultures  of  pneumococcus.  This  sub- 
stance is  present  when  the  organisms  are  growing  at  their  maximum 
rate  and  undergoing  little  or  no  cell  death,  and  consequently  its 
presence  is  not  dependent  upon  cell  disintegration  but  represents  the 
extrusion  of  bacterial  substance  by  the  living  organism. 

2.  The  blood  and  urine  of  rabbits  experimentally  infected  with 
pneumococcus  contain  a  similar  specific  soluble  substance  during  the 
early  hours  of  the  infectious  process. 

3.  Human  beings  suffering  from  lobar  pneumonia  have  in  their 
blood  and  more  frequently  in  their  urine  a  specific  soluble  substance 
of  pneumococcus  origin.  The  amount  of  this  substance  present  in 
the  urine  varies  in  different  individuals  and  the  presence  of  a  large 
amount  is  of  unfavorable  prognostic  import.  This  specific  precipitin 
reaction  in  the  urine  is  of  diagnostic  value. 

4.  Rabbits  injected  with  soluble  pneumococcus  material  continue 
to  excrete  this  substance  for  a  considerable  period  of  time. 

5.  The  specifically  soluble  substance  obtained  from  bacterial  cul- 
tures and  from  the  urine  during  infection  is  not  destroyed  by  boiling, 
by  precipitation  with  alcohol,  acetone,  or  ether,  or  by  trypsin  digestion. 

6.  Studies  are  in  progress  at  this  time  on  the  degree  of  toxicity  and 
on  the  antigenic  properties  of  the  substance. 

10  Pettit,  A.,  Ann.  Inst.  Pasteur,  1914,  xxviii,  663. 
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During  the  course  of  certain  studies  of  the  various  factors  of  acid 
excretion,1  24  hour  samples  of  urine  from  several  normal  and  patho- 
logical subjects  which  were  examined  demonstrated  that,  in  the 
absence  of  /3-hydroxybutyric  acid,  the  hydrogen  ion  concentration 
and  titratable  acidity  are  due  largely  to  the  ratio  between  acid  and 
basic  phosphates.  Although  in  the  main  this  hypothesis  was  quite 
well  supported  in  the  twenty-three  samples  analyzed,  in  one  fatal 
case  of  pneumonia,  over  60  per  cent  of  the  titratable  acid  could  not 
be  accounted  for  by  the  phosphates.  This  observation  led  to  a  more 
extended  investigation  of  acidosis  and  acid  excretion  in  acute  lobar 
pneumonia,  the  results  of  which  are  presented  in  this  paper. 

There  exists  certain  evidence  which  supports  the  idea  that  the  metabolism 
during  the  febrile  stage  of  pneumonia  results  in  the  production  of  considerable 
amounts  of  acid  substances.  Increased  ammonia  and  titratable  acid  in  the  urine 
have  been  observed.  Diminished  carbon  dioxide  in  the  blood  has  been  reported 
by  several  observers,  notably  by  Peabody2  who  reviews  the  literature  of  the  sub- 
ject. Recently  Lewis3  has  found  the  blood  of  patients  with  pneumonia  to  have  a 
decreased  affinity  for  oxygen,  a  characteristic  of  acidosis.  Palmer  and  Henderson4 
noticed  that  during  the  fastigium  of  the  disease  larger  amounts  of  sodium  bi- 
carbonate by  mouth  were  necessary  to  reduce  the  acidity  of  the  urine  than  is 
normally  the  case.  Such  facts  as  these,  increased  ammonia  and  acid  excretion, 
low  carbon  dioxide  in  the  blood,  diminished  affinity  of  the  blood  for  oxygen,  and 
retention  of  large  amounts  of  alkali,  indicate  an  excessive  acid  production  during 
the  febrile  stage  of  the  disease. 

*  A  brief  report  of  this  work  was  given  before  the  American  Society  for  Clinical 
Investigation,  Atlantic  City,  N.  J.,  May  7,  1917. 

Henderson,  L.  J.,  and  Palmer,  W.  W.,  /.  Biol.  Chem.,  1914,  xvii,  305;  1915, 
xxi,  37;  Arch.  Int.  Med.,  1915,  xvi,  109. 

2  Peabody,  F.  W.,  J.  Exp.  Med.,  1912,  xvi,  701. 

3  Lewis,  T.,  Lectures  on  the  Heart,  New  York,  1915. 

4  Palmer  and  Henderson,  Arch.  Int.  Med.,  1913,  xii,  153. 
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Methods. 

The  several  factors  determined  in  the  urine  were  the  hydrogen 
ion  concentration  by  the  colorimetric  mechod  previously  described,5 
titratable  acidity  by  the  method  to  be  described  presently,  ammonia 
by  Folin  and  Macallum's  method,6  and  the  total  phosphates  by  the 
uranium  acetate  method.  The  combined  carbon  dioxide  in  the  plasma 
was  determined  by  the  Van  Slyke-Stillman-Cullen  method.7  As  the 
method  of  titrating  the  urine  has  been  modified  for  a  special  purpose 
and,  so  far  as  known,  has  not  been  used  before,  it  will  be  described  in 
detail.  In  the  earlier  part  of  the  work  the  method  as  described  by 
Henderson  and  Palmer1  was  used,  but  on  account  of  the  variation 
in  the  hydrogen  ion  concentration  of  the  urine  and  because  of  the 
especial  interest  in  the  fluctuation  in  the  difference  between  the  total 
titratable  acidity  and  the  phosphate  acidity  of  the  urine,  it  seemed 
desirable  to  determine  the  titratable  acidity  between  two  fixed  reac- 
tions, or  in  other  words  to  estimate  the  quantity  of  acid  or  base  in- 
volved in  a  specified  change  of  hydrogen  ion  concentration  at  a  level 
which  is  a  function  of  the  acids  in  question.  By  doing  this  it  is  pos- 
sible to  compare  these  differences  at  a  fixed  hydrogen  ion  con- 
centration. 

The  hydrogen  ion  concentration8  of  5.0  was  selected  as  the  acid  end- 
point  because  most  acid  urines  in  pneumonia,  while  not  infrequently 
reaching  this  degree  of  acidity,  seldom  exceed  it.  The  hydrogen  ion  con- 
centration of  7.4  as  the  neutral  point  was  for  obvious  reasons  retained 
as  in  the  titration  previously  described.  Two  titrations  are  necessary 
and  are  carried  out  as  follows:  10  cc.  of  a  0.1  molal  solution  of  mono- 
potassium  phosphate,  4  parts,   and  disodium  phosphate,   25  parts 

"Henderson  and  Palmer,  /.  Biol.  Chem..  1912-13,  xiii,  393. 

6  Folin,  O.,  and  Macallum,  A.  B.,  /.  Biol.  Chem.,  1912,  xi,  523. 

7  Van  Slyke,  D.  D.,  Stillman,  E.,  and  Cullen,  G.  E.,  Proc.  Soc.  Exp.  Biol,  and 
Med.,  1914-15,  xii,  16*5. 

8  Throughout  this  paper  the  hydrogen  ion  concentration  has  been  expressed 
by  the  negative  exponent  of  the  hydrogen  ion  concentration,  that  is,  Sorensen's 
pH.  The  minus  sign  is  omitted  for  convenience;  for  example,  a  hydrogen  ion 
concentration  of  5  means  a  pH  of  5  or  an  H+  of  10-0.  It  should  be  remembered 
that  an  actual  increase  in  hydrogen  ion  concentration  is  indicated  by  a  de- 
crease in  this  exponential  figure. 
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(yielding  a  hydrogen  ion  concentration  of  7.4)  are  introduced  into  a 
250  cc.  flask,  diluted  to  250  cc.  with  distilled  water,  and  0.2 9  cc.  of  a 
1  per  cent  aqueous  solution  of  neutral  red  is  added.  10  cc.  of  urine 
are  similarly  diluted,  neutral  red  is  added,  and  0.1  N  sodium  hydrate  is 
run  in  until  the  color  matches  that  of  the  phosphate  solution.  The 
second  part  of  the  titration  is  accomplished  by  introducing  10  cc.  of 
a  0.14  molal  solution  of  acetic  acid,  23  parts,  and  sodium  acetate,  46 
parts  (yielding  a  hydrogen  ion  concentration  of  5.0)  into  a  250  cc. 
flask,  diluted  to  250  cc.  with  distilled  water,  and  five  drops  of  a  1 
per  cent  aqueous  solution  of  sodium  alizarin  sulfonate  are  added. 
10  cc.  of  urine  are  similarly  diluted,  sodium  alizarin  sulfonate  is 
added,  and  0.1  n  hydrochloric  acid  run  in  until  the  color  matches 
that  of  the  acetic  acid-sodium  acetate  solution.  In  matching  the 
color  of  the  alizarin  solutions,  especially  when  the  urine  is  highly 
colored,  it  has  been  found  desirable  to  place  a  flask  containing  10  cc. 
of  urine  diluted  as  for  titration  but  without  indicator,  behind  the 
flask  containing  the  standard  acetic  acid-sodium  acetate  solution 
with  indicator.  Also  a  flask  with  distilled  water  is  similarly  placed 
back  of  the  urinary  sample  which  is  being  titrated.  The  titration 
must  be  carried  out  in  front  of  a  window  with  good  light.  The 
titratable  acidity  in  0.1  n  cc.  between  the  hydrogen  ion  concentration 
of  5.0  and  the  hydrogen  ion  concentration  of  7.4  is  the  sum  of  these 
two  titrations. 

With  the  above  data  available,  it  is  possible  to  compare  the  actual 
titratable  acidity  with  that  which  the  phosphates  alone  would  give. 
The  calculation  of  the  part  of  the  phosphates  is  simple.     In  the 

HA 

equilibrium10  H+  =  K  X  —  approximately,  where  H+  is  the  hydro- 
IB  A 

gen  ion  concentration,  K  the  ionization  constant  k  for  the  acid  divided 

by  a,  the  degree  of  ionization  of  the  salt  of  the  acid,  HA  the  undis- 

sociated  acid,  and  BA  the  salt  of  the  acid,  H+  is  determined  and  K 

H\ 

is  known,  hence  —  may  be  easily  calculated;  and  if  the  total  phos- 

BA       y 

9  It  has  been  found  convenient  and  satisfactory  to  use  a  dropping  bottle  for 
adding  the  indicator.  Care  should  always  be  taken  to  add  the  same  size  and 
number  of  drops  to  standard  and  urine  samples.     Three  to  five  drops  are  sufficient. 

10  Henderson,  L.  J..  Am.  J.  Physiol,  1908,  xxi,  427. 
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phates  are  known  the  amount  of  HA  and  BA  can  be  estimated. 
Reference  to  Sorensen's  measurements  shows  that  this  titration  is 
sufficiently  accurate  within  the  ranges  of  hydrogen  ion  concentration 
involved  in  the  present  investigation.  It  is  appreciated,  however, 
that  the  presence  of  electrolytes  and  variation  in  the  concentration 
of  the  urine  combine  to  decrease  the  accuracy  of  the  titration  but  not 
to  a  degree  sufficient  to  alter  the  conclusions  reached.  An  example 
of  the  calculation  follows. 

The  pH  =  5.3  or  H+  =  50  X  10~7,  titratable  acidity  amounts  to  200  cc. 
0.1  N  acid,  total  phosphates  in  terms  of  phosphorus  pentoxide  is  1.0  gm.  When 
the  acid  is  monobasic  phosphate  K  =  2.5  X  10-7.     We  have  then,  from  the 

above  equilibrium,    50  X  10-7  =  2.5  X  10~7  X ,  whence  =  — ;  that  is, 

BA  BA        1 

96  per  cent  of  the  phosphate  exists  as  the  monobasic  phosphate.  1  gm.  of  phos- 
phorus pentoxide  corresponds  to  141  cc.  of  0.1  n  monobasic  phosphate.  Hence 
in  a  mixture  of  mono-  and  dibasic  phosphates  containing  1.0  gm.  of  phosphorus 
pentoxide  and  having  a  hydrogen  ion  concentration  of  5.3,  135  cc.  exist  as  the 
acid  and  6  cc.  in  the  basic  form.     As  our  method  of  titrating  the  urine  carries 

•  •    MH,P04 

the  reaction  to  a  hydrogen  ion  concentration  of  7.4  or  when  the  ratio  = 

4  M2HP04 

— ,  14  per  cent  of  the  phosphate  is  in  the  acid  form,  then  the  per  cent  of  the  acid 

phosphate  which  actually  takes  part  in  the  titration  from  a  hydrogen  ion  con- 
centration of  5.3  to  a  hydrogen  ion  concentration  of  7.4  is  96  —  14  or  82  per  cent. 
Hence  82  per  cent  of  141  cc.  amounts  to  115  cc.  and  the  difference  between  the 
actual  acidity  and  acidity  calculated  from  the  phosphates  is  200  —  115  or  85  cc. 

This  difference  is  probably  due  largely  to  free  organic  acids  and  will 
be  so  designated  in  the  discussion  following.  In  Table  I  the  per- 
centage of  acid  phosphate  for  any  hydrogen  ion  concentration  be- 
tween 5.0  and  7.4  has  been  computed,  as  well  as  the  amounts  of  acid 
phosphate  entering  into  the  titration  between  any  hydrogen  ion 
concentration  within  these  limits  and  7.4. 
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TABLE    I. 

Ratio  of  Acid,  HA,  to  Basic,  BA,  Phosphate  at  a  Hydrogen  Ion  Concentration 

Varying  between  7.4  and  4.9  -with  the  Percentage  of  Acid  Phosphate 

Taking  Part  in  Titration  When  Carried  to  a  Hydrogen  Ion 

Concentration  of  7.4.     K  =  2.5 X  10~7.     pH  =7.4 

Which  Is  the  Reaction  of  Xormal  Blood. 


pH. 

H+  X  10-7. 

HA 

BA 

HA. 

HA-14. 

per  cent 

per  cent 

7.4 

0.4 

4 

25 

14 

0 

7.2 

0.6 

6 

25 

19 

5 

7.0 

1.0 

10 
25 

29 

15 

6.9 

1.3 

13 
25 

34 

20 

6.8 

1.6 

16 

25 

39 

25 

6.7 

2.0 

20 

25 

45   " 

31 

6.6 

2.5 

25 
25 

50 

36 

6.5 

3.2 

32 
25 

56 

42 

6.4 

4.0 

40 
25 

62 

48 

6.3 

5.0 

50 

25 

67 

53 

6.2 

6.3 

63 

25 

72 

58 

6.1 

8.0 

80 

25 

76 

62 

6.0 

10.0 

100 
25 

80 

66 

5.9 

13.0 

130 

25 

84 

70 

•  5.8 

16.0 

160 

25 

87 

73 

5.7 

20.0 

200 
25 

89 

75 

5.6 

25.0 

250 

25 

91 

77 
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TABLE   I — Concluded 


pH.    ■ 

H+  X  10-'- 

HA 
BA 

HA. 

HA-14. 

per  cent 

per  cent 

5.5 

32.0 

320 

25 

93 

79 

5.4 

40.0 

400 

25 

94 

80 

5.3 

50.0 

500 

25 

95 

81 

5.2 

63.0 

630 

25 

96 

82 

5.1 

80.0 

800 

25 

97 

83 

5.0 

100.0 

1000 
25 

98 

84 

4.9 

120.0 

1200 
25 

98 

84 

OBSERVATIONS. 

For  a  preliminary  survey  24  hour  samples  of  fresh  urine  from  six 
normal  individuals  and  seventeen  cases  representing  a  wide  variety 
of  pathological  conditions  selected  from  the  medical  wards  of  the 
Massachusetts  General  Hospital  were  examined,  the  results  of  which 
appear  in  Table  II. 

Case  15  stands  out  very  prominently  with  323  cc.  of  0.1  n  free 
organic  acid,  while  of  the  remaining  cases  10  showed  less  than  50  cc, 
7  less  than  100  cc,  4  less  than  150  cc,  and  1  normal  individual  showed 
as  much  as  187  cc.  It  is  possible  that  the  high  value  in  Case  6  may 
be  explained  partly  by  the  high  hydrogen  ion  concentration  and 
partly  by  the  size  of  the  individual,  or,  indeed,  by  a  possible  abnormal- 
ity in  metabolism.  Cases  16  and  23  had  high  temperatures  but 
showed  only  small  amounts  of  free  organic  acid  when  compared  with 
the  total  acidity.  The  ammonia  excretion  in  Case  15  is  the  highest 
in  the  series  but  is  not  excessive. 
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TABLE    II. 


Normal  and 

Pathological  Individuals. 

No. 

V 

a 

*o 

e 

e 

"5 

w 

z 

d 

s 

z 

© 

.5 
'5 
o 
E 
& 

,2 
"c 
o 
£ 

+  z 

e 

Q. 

3 
o    • 

■85 

J's 

I2" 

c  ~* 
3~     . 

."2"° 

SJ 

o  £  2 

ri  a; 
tf-ao 

Remarks. 

> 

£ 

< 

< 

cc. 

< 

h 

Pi 

Uh 

cc. 

kg. 

cc. 

cc. 

gm. 

cc. 

cc. 

1 

1,420 

94 

6.0 

336 

450 

786 

2.45 

228 

108 

Normal. 

2 

1,560 

64 

6.1 

272 

375 

647 

2.31 

202 

70 

<< 

3 

2,000 

79 

6.3 

320 

590 

910 

3.95 

295 

25 

M 

4 

2,100 

89 

6.7 

143 

458 

601 

2.33 

102 

41 

<( 

5 

1,100 

73 

5.7 

386 

418 

804 

3.05 

323 

63 

« 

6 

1.000 

91 

5.4 

415 

350 

765 

2.02 

228 

187 

(( 

7 

2,000 

61 

5.9 

186 

280 

466 

1.34 

132 

54 

Chronic  alcoholism. 

8 

740 

80 

6.1 

126 

420 

546 

1.55 

135 

-9 

Arteriosclerosis. 

9 

1,700 

68 

5.7 

180 

293 

473 

1.40 

148 

32 

Pernicious  anemia. 

10 

2,650 

69 

7.0 

64 

382 

446 

2.16 

46 

18 

Cardiorenal  disease. 

11 

750 

78 

5.3 

125 

252 

377 

0.63 

72 

53 

M                               M 

12 

1,290 

44 

6.0 

184 

160 

344 

1.45 

135 

49 

Pleurisy  wath  effusion. 

13 

2,440 

50 

6.3 

176 

346 

522 

2.02 

151 

25 

<«          «        <( 

14 

2,500 

51 

6.0 

182 

390 

572 

1.58 

147 

35 

Unexplained  edema  of 
lower  legs. 

15 

2,360 

70 

5.3 

580 

750 

1,330 

2.25 

257 

323 

Acute  lobar  pneumonia. 

16 

580 

62 

5.3 

242 

550 

792 

0.90 

103 

139 

"  endocarditis.  Tem- 
perature 103°F. 

17 

1,540 

68 

5.5 

510 

595 

1,105 

3.38 

377 

133 

Diffuse  sclerosis  of  cen- 
tral nervous  system. 

18 

1,120 

66 

6.3 

210 

392 

602 

1.95 

146 

64 

Cholelithiasis. 

19 

1,350 

74 

6.2 

155 

141 

296 

1.18 

97 

58 

Convalescent;  typhoid 
fever. 

20 

560 

63 

5.6 

145 

170 

315 

0.88 

96 

49 

Cholelithiasis. 

21 

2,500 

50 

6.7 

100 

380 

480 

1.20 

52 

48 

Chronic  constipation. 

22 

900 

57 

5.7 

206 

355 

561 

1.10 

116 

90 

Diabetes  (ferric  chloride 
reaction  negative). 

23 

1,775 

60 

5.8 

445 

683 

1,128 

3.24 

334 

111 

Typhoid  fever.  Temper- 
ature 104.0°F. 

*  All  samples  gave  no  color  with  ferric  chloride. 


Normal  Individuals. — Four  normal  subjects  of  widely  varying 
weights  were  examined.  Very  little  difference  between  the  individuals 
was  found,  hence  only  one  of  the  protocols  is  given  (Table  III). 
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TABLE   m. 

Factors  Determined  on  a  Normal  Individual,  Weight  70  Kilos,  for  9  Consecutive 

Daxs. 


- 

j 

«  2 

■i  2" 

S"g 

.20 

c 

c 

c 

"  c 

<■>.*; 

t^. 

o 

o  — 

CJ  — 

d.S 

s^- 

i 

c. 

*d 

<=■=  . 

oE 

jj"3 

2 

Volume 

pH. 

Acid  0.1 

*o 

rt 

3 '5 

d'G  T 

■as* 

6 

of  urine. 

N. 

K 

o    • 

o**. 

|s<s 

tCT3"T 

5 

a2 

JZ    V 

J3   ar- 

J=    li>0 

c2° 

C  j;  2 

B 

z.— 

^~_ 

°CSm 

O 

s 

B 

•1d 

Is 

1  :" 

JSi 

E  3  - 

s  ~° 

< 

~ 

— 

fe 

h 

< 

tc. 

tc. 

cc. 

gm. 

cc. 

cc. 

ct. 

cc. 

cc. 

1,080 

5.5 

318 

378 

1.63 

182 

190 

136 

188 

346 

1.270 

5.6 

324 

414 

1.81 

196 

212 

128 

202 

432 

1,000 

5.6 

320 

400 

1.86 

202 

220 

118 

180 

280 

1,090 

5.5 

175 

251 

1.70 

189 

202 

-14 

49 

344 

600 

5.5 

ISO 

246 

1.00 

112 

118 

68 

128 

132 

1,070 

6.6 

257 

460 

1.92 

96 

228 

161 

232 

293 

1,930 

6.4 

250 

425 

1.52 

103 

180 

147 

245 

367 

1,015 

6.0 

142 

234 

0.85 

79 

100 

63 

134 

238 

1,510 

5.  7 

288 

378 

1.72 

180 

202 

108 

176 

417 

There  is  considerable  variation  in  the  amounts  of  free  organic 
acid  both  when  calculated  from  the  hydrogen  ion  concentration  at 
which  the  urine  was  passed  and  when  estimated  at  the  hydrogen  ion 
concentration  of  5.0.  The  hydrogen  ion  concentration  of  the  case 
selected  varies  very  little  although  the  free  organic  acid  varies  con- 
siderably. In  general,  as  the  hydrogen  ion  concentration  increases 
in  value,  that  is,  as  the  urine  becomes  more  alkaline,  the  amount  of 
organic  acid  present  in  the  free  state  is  less.  On  the  other  hand,  as 
the  reaction  approaches  a  hydrogen  ion  concentration  of  5.0  the 
organic  acid  fraction  increases  very  rapidly. 

Individuals  with  Acute  Lobar  Pneumonia. — In  all,  thirty  cases  of 
acute  lobar  pneumonia,  involving  the  analysis  of  325  24  hour  samples 
of  urine,  were  studied.  It  is  not  necessary  to  report  in  detail  all  of 
the  protocols  of  the  series.  Certain  cases  have  been  selected  as 
representative  of  the  various  conditions  found  in  the  group  (Tables 
IV,  V,  VI,  VH,  and  Yffl).  In  general  it  may  be  said  that  the  more 
severe  the  intoxication  the  greater  the  amounts  of  free  organic  acid  at 
the  hydrogen  ion  concentration  of  5.0  which  are  present.  The  type  of 
organism11  was  determined  in  twenty- three  of  the  cases,  showing  4 


11  Dochez,  A.  R.,  and  Gillespie,  L.  J..  J.  Am.  Med.  Assn.,  1913.  lxi.  727. 
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with  Type  I,  11  with  Type  II,  4  with  Type  III,  and  4  with  Type 
IV. 

One  of  the  four  with  Type  I  infection  showed  an  increase  in  the 
free  organic  acid  but  in  small  amount  only.  In  six  of  the  Type  II 
group  there  was  a  very  marked  increase,  in  three  a  moderate  increase 
of  the  free  organic  acid,  while  two  were  without  any  significant  change. 
There  was  no  increase  in  the  acid  excretion  in  any  of  the  Type  III 
cases.  This  finding  is  not  what  might  be  expected  a  priori  because 
this  type  of  infection  has  proved  to  have  the  highest  mortality  of  all, 
50  per  cent  of  the  cases  being  fatal.  One  of  the  group  studied  died, 
the  protocol  of  whom  is  given  in  Table  V.  Two  of  the  Type  IV  cases 
showed  some  increase  in  the  free  organic  acid  excretion;  the  others 
did  not. 

The  case  reported  in  Table  IV  was  chosen  as  an  example  of  those 
individuals  who  showed  no  particular  signs  of  either  acidosis  or  in- 
crease in  acid  excretion  from  the  laboratory  or  clinical  standpoint. 
The  total  amount  of  acid  excreted  is  not  excessive;  although  the 
ammonia  excretion  on  the  6th  and  7th  days  of  the  disease  just  before 
the  crisis  is  greater  than  on  the  days  following,  it  is  not  large.  At 
no  time  is  the  combined  carbon  dioxide  of  the  plasma  below  normal. 
The  lower  limit  of  normal  given  by  Van  Slyke,  Stillman,  and  Cullen 
is  55  volume  per  cent,  which  corresponds  to  an  alveolar  air  of  about 
38  mm.  carbon  dioxide  tension.  The  acidity  of  the  urine  fell  at  the 
time  of  the  crisis,  and  this  occurred  in  most  of  the  cases  having  a 
definite  crisis. 

The  protocol  of  a  fatal  case  appearing  in  Table  V  is  given  to  illus- 
trate the  unexpected  finding  in  the  Type  III  infection.  Although 
the  intoxication  in  this  infection  was  very  great,  there  was  no  marked 
increase  in  the  free  organic  acid  nor  was  there  any  other  evidence  of 
acid  intoxication.  The  ammonia  and  acid  excretion,  as  well  as  the 
combined  carbon  dioxide  in  the  plasma,  were  well  within  normal 
limits. 

In  Table  VI  are  given  the  data  of  a  case  with  Type  II  infection 
which  is  a  fair  example  of  what  frequently  occurs  in  the  more  severe 
infections. 

At  the  time  of  the  crisis  the  amounts  of  acid  not  accounted  for  by 
the  phosphates   fall   off   and   quite   regularly   during   convalescence 


TABLE    IV. 


Hospital  No.  2,852;  Male;  Age  33  Years.     Process  Confined  to  the  Left  Lower  Lobe. 

Type  I  Infection.     Blood  Culture  Positive.     Treated  with  Serum. 

A  Severe  Chill  Followed  the  Fifth  Treatment,  after  Which 

the  Temperature  Fell  by  Crisis. 
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296 
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650 

58.6 

175  cc.  of  antipneu- 
mococcus  serum. 

6 

103.6 

106 

48 

100.8 

96 

40 

1,105 

5.5 

196 

265 

0.51 

57 

60 

139 

205 

910 

60.6 

300  cc.  of  antipneu- 
mococcus  serum. 
Chill. 
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0.74 

65 

88 

80 

246 

630 

61.7 

9 

99.5 
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1.10 

43 
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100.4 
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1,200 
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436 
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80 
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336 
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13 
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88 

28 
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73 

145 

0.83 

90 

98 

-17 

47 
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14 

101.6 

100 

40 

100.0 

80 

20 

1,230 

5.6 

325 

450 

1.68 

182 

198 

143 

252 

410 

Beginning  of  serum 
disease. 

15* 

102.6 

100 

36 

100.5 

80 

20 

850 

5.5 

278 

356 

1.32 

147 

156 

131 

200 

283 

*  This  case  was  followed  for  a  w 
the  data,  they  are  not  given. 
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TABLE   V. 


Hospital  No.  2,593;  Male;  Age  37  Years.     Process  at  the  Entrance  of  the  Right 
Lower  Lobe  Extending  2  Days  before  Death  to  the  Entire  Right  Lung. 
Type  III  Infection.     Blood  Culture  Positive.     Treated  with 
Optochin.     Died  on  the  9th  Day  of  the  Disease. 
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54.1 

4 

104.0 

116 

42 

103.0 

100 

36 

1,675 

5.7 

218 

400 

1.71 

180 

202 

38 

198 

524 

59.8 
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44 

102.0 

100 

32 
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396 
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3 .  34 

363 
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33 

204 
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112 

40 
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2,040 
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388 

470 

3.04 
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360 

36 
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885 

51.3 

7 

102.0 

120 

48 

102.0 

102 

32 

1,510 

5.2 

348 

410 

2.60 

300 

308 

48 

102 

800 

50.4 

Died  2  days 
later. 

keep  within  normal  limits.  Early  in  the  investigation  before  the 
free  organic  acid  fraction  was  compared  at  the  fixed  point  of  pH  =  5.0, 
this  remarkable  decrease  was  somewhat  misleading  due  to  the  fact 
that  the  hydrogen  ion  concentration  of  the  urine  changed  to  the 
nearly  neutral  point  at  the  crisis.  On  the  7th  day  of  the  disease 
the  free  organic  acid  excreted  in  24  hours  amounted  to  760  cc,  while 
in  the  days  following  the  limits  were  between  220  and  351  cc. 
There  was  also  a  marked  increase  in  the  ammonia  excretion,  amount- 
ing to  2,050  cc.  on  the  7th  day,  rapidly  coming  down  to  normal  values 


TABLE    VI. 


Hospital  No.  2,865;  Male;  Age  23  Years.     Process  Involving  the  Entire  Left  Lung. 
Type  II  Injection.     Blood  Culture  Negative.     Treated  with  Optochin. 

Recovery. 
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13 
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98.3 
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563 
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306 
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64 
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98.6 

60 
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5.4 
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515 

2.10 
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248 
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15* 

99.5 

96 

22 

99.0 

60 

20 

1,200 

5.6 

412 

460 

2.03 

220 

240 

192 

220 

327 

*  This  case  was  followed  a  week  longer  but  as  the  data  contained  nothing  of 
especial  interest  they  are  not  given. 
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after  the  crisis.  A  decided  fall  in  urinary  acidity  occurred  after  the 
crisis.  Throughout  the  entire  course  of  the  disease,  however,  the 
combined  carbon  dioxide  in  the  plasma  remained  normal,  indicating 
the  ability  of  the  organism  to  cope  with  the  increased  acid  production. 
The  case  reported  in  Table  VII  excreted  the  largest  amount  of  free 
organic  acid  in  24  hours  of  any  of  the  cases  observed.  On  the  4th 
day  of  the  disease  1,165  cc.  of  the  total  acidity  of  1,800  cc.  at  a  hydro- 
gen ion  concentration  of  5.0  were  unaccounted  for  by  the  phosphates. 
The  intoxication  was  intense.  That  the  mechanism  for  regulating 
the  acid-base  equilibrium  was  sufficient  is  proved  by  the  combined 
carbon  dioxide  in  the  plasma.  Only  2  hours  before  death  it  was 
62.5  volume  per  cent,  the  lowest  at  any  time  during  the  disease. 


TABLE   VII. 

Hospital  No.  2,869;  Male;  Age  31  Years.     Process  in  the  Right  Lower  Lobe.     Type 
II  Infection.     Blood  Culture  Positive.     Treated  with  Serum  and  Optochin. 

Died. 
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475 

820 

2.88 

284 

340 

191 
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688 

63.5 

*  190  cc.  of  antipneumococcus  serum. 

t  Died  on  the  6th  day  of  the  disease.    The  combined  carbon  dioxide  in  the 
plasma  2  hours  before  death  was  62.5  volume  per  cent. 
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TABLE    VIII. 


Hospital  No.  2,634;  Male;  Age  42  Years.     Process  Confined  to  the  Right  Lower  Lobe. 
Type  IV  Infection.     Blood  Culture  Negative.     Treated  with  Optochin. 

Recovery. 
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TABLE   VIII — Concluded. 
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99.6 

80 

20 

98.7 

60 

18 

1,500 

5.0 

480 

480 

2.74 

325 

325 

155 

155 

540 

21 

99.6 

80 

20 

98.8 

56 

18 

1,380 

5.0 

400 

400 

2.60 

308 

308 

92 

92 

458 

23 

100.0 

80 

20 

98.8 

64 

20 

1,080 

5.0 

260 

260 

1.67 

198 

198 

62 

62 

290 

49 

24 

100.0 

80 

24 

99.2 

56 

18 

1,415 

5.0 

396 

396 

2.28 

270 

270 

126 

126 

315 

25 

100.2 

72 

18 

99.2 

60 

18 

1,140 

5.0 

348 

348 

2.32 

280 

280 

68 

68 
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27 

99.5 

84 

18 

99.2 

70 

18 

1,135 

5.0 

330 

330 

1.83 

217 

217 

113 

113 

330 

The  individual  with  a  Type  IV  infection  reported  in  Table  VIII 
revealed  a  condition  not  found  in  any  of  the  other  cases  studied. 
While  there  were  only  small  amounts  of  free  organic  acid  excreted 
during  the  fastigium  of  the  disease  and  in  convalescence,  the  ammonia 
excretion  was  very  high  until  after  the  crisis,  when  the  24  hour  values 
became  normal.  There  was  never  any  significant  lowering  of  the 
combined  carbon  dioxide  in  the  plasma. 


DISCUSSION. 


The  facts  brought  out  by  the  investigation  are  that  in  many,  usually 
the  more  severe,  cases  of  acute  lobar  pneumonia  there  are  excreted 
during  the  fastigium  of  the  disease  considerable  quantities  of  an  organic 
acid  which  is  free  at  a  hydrogen  ion  concentration  of  5.0,  and  that 
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there  is  seldom  a  severe  grade  of  acidosis  as  estimated  by  the  amount 
of  combined  carbon  dioxide  in  the  plasma.  The  nature  and  biological 
importance  of  this  organic  acid  are  not  without  interest.  Certain 
possibilities  are  suggested.  Because  of  its  prevalence  in  many 
conditions  where  there  is  abnormal  metabolism,  /3-hydroxybutyric 
acid  was  searched  for,  although  all  specimens  examined  had  a  nega- 
tive or  at  most  a  very  faint  ferric  chloride  reaction.  The  ionization 
constant  of  /3-hydroxybutyric  acid  is  2  X  10-5,  therefore  one-third  of 
the  acid  is  free  in  a  urine  with  a  hydrogen  ion  concentration  of  5.0. 
Quantitative  estimates  revealed  insignificant  amounts.  This  is  not 
surprising  when  one  considers,  for  instance,  that  in  Table  VI  on  the 
7th  day  of  the  disease  the  acid  unaccounted  for  amounts  to  760  cc. 
and  if  it  were  all  due  to  /3-hydroxybutyric  acid  there  would  be  present 
a  total  of  24  gm.  of  the  acid,  an  amount  which  is  seldom  encountered 
except  in  the  more  severe  grades  of  acidosis  in  diabetes.  Hippuric 
acid  with  an  ionization  constant  of  2.2  X  10~4,  acetoacetic  acid  with 
an  ionization  constant  of  1.5  X  10-4,  and  lactic  acid  with  an  ioniza- 
tion constant  of  1.4  X  10~4  whereby  only  5  to  7  per  cent  of  an  acid 
can  exist  free  at  a  hydrogen  ion  concentration  of  5.0  could  hardly  be 
expected  to  account  for  any  considerable  quantities  of  free  organic 
acid.  Acetic  acid,  the  ionization  constant  of  which  is  1.9  X  10~5, 
exists  about  one- third  free  at  a  hydrogen  ion  concentration  of  5.0, 
hence  it  becomes  a  possibility.  While  uric  acid  with  an  ionization 
constant  of  1.5  X  10~6  may  be  87  per  cent  free  at  a  hydrogen  ion 
concentration  of  5.0,  the  total  amount  of  this  substance  is  easily 
estimated  and  has,  never  been  found  to  account  for  more  than  a  few 
cubic  centimeters  of  the  free  acid.  Nor  can  the  conjugated  sulfuric 
acid  be  responsible  for  any  large  quantities  as  shown  by  several 
ethereal  sulfate  determinations.  The  oxy-  and  other  less  well  known 
acids  are  possibilities,  but  as  their  ionization  constants  are  not  known 
nothing  definite  can  be  stated  about  them.  In  Table  VIII  the  acid 
is  apparently  a  fairly  strong  one  as  shown  by  the  high  ammonia 
without  much  free  acid  or  high  total  phosphates. 

As  it  has  been  shown  that  normally  at  a  hydrogen  ion  concentration 
of  5.0  there  exists  a  certain  titratable  acidity  that  cannot  be  accounted 
for  by  the  phosphates,  it  is  possible  that  the  increase  in  this  value 
during  pneumonia  may  be  due  simply  to  an  increase  of  a  normal 
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constituent  of  the  urine.  On  the  other  hand,  the  possibility  of 
abnormal  oxidation  products  leads  one  to  suspect  that  there  may 
exist  some  pathological  substances  to  account  for  the  phenomenon 
and  this  in  part  has  been  borne  out  by  our  investigation.  If  this  is 
the  case,  its  part,  if  any,  in  the  intoxication  encountered  in  the  dis- 
ease is  of  much  interest.  Considerable  investigation  of  the  nature 
and  significance  of  the  increase  in  the  free  organic  acid  production  of 
the  urine  during  pneumonia  has  been  carried  out,  and  will  form  the 
subject  of  a  future  communication. 

SUMMARY. 

There  is  excreted  in  the  urine  of  subjects  ill  with  acute  lobar  pneu- 
monia a  large  amount  of  organic  acid  which  is  free  at  a  hydrogen  ion 
concentration  of  5.0. 

Acidosis  as  determined  by  the  combined  carbon  dioxide  in  the 
plasma  is  seldom,  if  ever,  severe. 


[Reprinted  from  The  Journal  of  Experimental  Medicine,  October  1,  1917,  Vol.  xxvi, 

No.  4,  pp.  513-535.] 


FURTHER  STUDIES  ON  THE  EPIDEMIOLOGY  OF  LOBAR 

PNEUMONIA. 

By  ERNEST  G.  STILLMAN,  M.D. 
{From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  June  1,  1917.) 

Previous  studies  on  the  epidemiology  of  lobar  pneumonia  have 
shown  that  although  pneumococcus  is  present  in  the  mouths  of  about 
50  per  cent  of  normal  individuals,  it  is  extremely  rare  to  find  pneu- 
mococcus of  Type  I  or  Type  II  in  the  normal  mouth  except  in  in- 
dividuals who  have  been  in  intimate  association  with  patients  suffer- 
ing from  lobar  pneumonia  due  to  organisms  of  these  types.  The 
observations  of  Dochez  and  Avery1  suggest  that  in  many  instances 
lobar  pneumonia  may  be  due  to  contact  infection.  The  source  of 
such  infection  may  be  either  an  individual  who  has  recovered  from 
lobar  pneumonia  but  who  still  harbors  in  his  mouth  the  infectious 
microorganism,  or  a  healthy  carrier  who  has  acquired  the  organism 
from  association  with  a  case  of  lobar  pneumonia. 

In  the  present  paper  are  reported,  first,  the  varieties  of  pneu- 
mococcus isolated  from  cases  of  lobar  pneumonia  admitted  to  the 
Hospital  of  The  Rockefeller  Institute  during  the  past  5  years,  second, 
the  varieties  of  pneumococcus  found  in  the  mouths  of  normal  in- 
dividuals, third,  a  study  of  the  types  of  pneumococcus  present  in  the 
mouth  secretions  of  members  of  households  where  cases  of  Type  I 
and  Type  II  pneumonia  have  occurred,  fourth,  the  types  of  pneu- 
mococcus obtained  from  the  dust  of  rooms  in  which  no  case  of  pneu- 
monia is  known  to  have  occurred,  fifth,  the  types  of  pneumococcus 
obtained  from  the  dust  in  homes  where  pneumonia  of  Type  I  or 
Type  II  has  occurred,  and  sixth,  two  epidemics  of  pneumonia. 

1  Dochez,  A.  R.,  and  Avery,  O.  T.,  /.  Exp.  Med.,  1915,  xxii.  105. 

415 


416 


EPIDEMIOLOGY   OY   LOBAR   PNEUMONIA 


Varieties  of  Pneumococcus  Concerned  in  the  Production  of  Lobar 

Pneumonia. 

During  the  past  5  years  a  study  has  been  carried  on  of  the  types  of 
pneumococcus  isolated  from  454  cases  of  lobar  pneumonia  admitted 
to  the  wards  of  the  Hospital  of  The  Rockefeller  Institute.  These 
organisms  have  been  isolated  from  sputum,  from  blood  cultures,  or 
directly  from  the  lung.  In  many  instances  they  have  been  isolated 
from  more  than  one  of  these  sources  and  classified  in  the  biological 
group  already  described  by  Dochez  and  Gillespie.2  The  results  of 
this  classification  are  shown  in  Table  I. 


table  i. 

Types  of  Pneumococcus  Causing  Lobar  Pneumonia  in  454  Cases. 


Pneumococcus. 

Incidence. 

Type      I 

151 

133 

6 

4 

9 

59 

92 

per  cent 
33   26 

"      II 

29  29 

"      II  a 

1.32 

"      lib 

0  88 

"      II  X 

1  98 

"    III 

12  99 

"     IV 

20.26 

The  incidence  of  Types  II  a,  II  b,  and  II  x,  subvarieties  of  Type  II, 
described  by  Avery,3  has  only  been  determined  during  the  last  2  years. 

Varieties  of  Pneumococcus  in  the  Normal  Mouth. 

Pneumococci  were  isolated  in  116  instances  from  the  saliva  of  297 
normal  individuals  in  whom  no  history  of  contact  with  a  previous 
case  of  lobar  pneumonia  could  be  obtained.  In  five  instances  two 
types  of  pneumococci  were  isolated  from  the  same  individual.  Pneu- 
mococcus Type  I  was  isolated  only  once;  Pneumococcus  Type  II 
was  not  found  among  these  297  healthy  individuals.  Among  the 
39  per  cent  showing  pneumococcus  in  the  mouth  secretions,  the  dis- 

2  Dochez,  A.  R.,  and  Gillespie,  L.  J.,  /.  Am.  Med.  Assn.,  1913,  lxi,  727. 

3  Avery,  O.  T.,  J.  Exp.  Med.,  1915,  xxii,  804. 
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TABLE    II. 

Types  of  Pneumococcus  Isolated  from  the  Saliva  of  Normal  Individuals  Not  in 
Direct  Contact  with  Lobar  Pneumonia. 


Pneumococcus. 

Incidence. 

Type     I 

1 

0 

1 

7 
14 
34 
64 

116 
181 
297 

per  cent 
0   8 

"      II 

o 

"      II  a 

0  8 

"      lib 

5   8 

"      II  x 

11.6 

"    III 

28  1 

"    IV 

52  9 

Pneumococcus  present 

absent 

tribution  of  types  is  in  striking  contrast  to  that  which  is  found  among 
individuals  in  direct  contact  with  disease.  In  Table  IV  are  given  the 
results  of  the  examinations  of  184  normal  individuals  known  to  be  in 
contact  with  a  case  of  lobar  pneumonia  due  to  pneumococci  of  Types 
I  and  II.  Among  107  normal  individuals  known  to  be  intimately 
associated  with  a  Type  I  infection,  15  per  cent  showed  pneumococcus 
of  the  same  type  as  that  causing  disease.  Of  the  remaining  77 
individuals,  all  of  whom  were  in  direct  contact  with  a  Type  II  in- 
fection, this  organism  was  isolated  in  5  instances  (6  per  cent).  In  all, 
pneumococci  of  the  more  strictly  disease-producing  types,  I  and  II, 
were  found  in  11  per  cent  of  individuals  in  direct  contact  with  cases 
of  lobar  pneumonia  due  to  these  types;  while  among  297  individuals 
in  whom  no  history  of  previous  contact  could  be  obtained,  pneu- 
mococci of  Types  I  and  II  were  found  in  only  0.8  per  cent. 

The  pneumococcus  is  found  in  the  mouths  of  many  normal  in- 
dividuals. In  some  the  same  type  of  pneumococcus  is  present 
constantly,  while  in  others  the  types  may  vary  from  time  to  time  or 
entirely  disappear.  In  Table  III  is  presented  a  study  of  the  types  of 
pneumococcus  recovered  from  the  saliva  of  942  healthy  persons. 

From  the  saliva  of  942  normal  individuals  including  those  in  con- 
tact with  lobar  pneumonia  one  or  more  types  of  pneumococcus  were 
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TABLE  III. 


Types  of  Pneumococcus  Isolated  from  the  Sputum  of  Normal  Individuals 
Including  Those  in  Direct  Contact  with  Lobar  Pneumonia. 


Pneumococcus. 

Inck 

ence. 

34 
22 
1 
26 
47 
85 
271 

450 

492 
942 

per  cent 

7.0 

"       II                          

4.5 

"      II  a.              

0.2 

"      II  b                     

5  3 

"      II  x...                

9.7 

"    HI. .                 

17.5 

«    IV              

55.8 

isolated  in  450  instances,  or  47  per  cent.  In  492  individuals  no  pneu- 
mococci  could  be  recovered  at  the  time  of  examination.  Type  I 
pneumococcus  was  isolated  from  34  individuals.  33  of  these  persons 
had  recently  been  in  close  association  with  a  case  of  lobar  pneumonia 
due  to  the  same  type.  In  only  one  instance  was  there  no  history  of 
contact.  From  22  individuals  Type  II  pneumococcus  was  obtained. 
19  of  these  persons  had  recently  been  intimately  associated  with  a  case 
of  lobar  pneumonia  of  Type  II.  It  is  significant  that  on|y  once  was 
pneumococcus  of  Type  II  a  isolated  from  a  normal  mouth.  Yet  this 
organism  was  responsible  for  six  cases  of  pneumonia,  or  1.32  per  cent. 
On  the  other  hand,  Pneumococcus  Type  II  b  was  found  26  times  and 
Pneumococcus  Type  II  x  47  times  in  normal  mouths.  In  view  of  the 
relative  frequency  of  Types  II  b  and  II  x  in  normal  mouths,  these 
organisms,  as  those  of  Types  III  and  IV,  must  be  considered  as  nor- 
mal inhabitants  of  the  healthy  mouth.  It  is  not  infrequent  to  find 
two  types  of  pneumococcus  at  the  same  time  in  one  mouth.  But  as 
yet  a  Type  I  and  a  Type  II  pneumococcus  have  never  been  found 
simultaneously  in  the  same  mouth. 
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Incidence  of  the  Carrier  Condition  in  Normal  Individuals  in  Contact 
with  Patients  Suffering  from  Lobar  Pneumonia. 

Dochez  and  Avery1  have  shown  that  many  individuals  who  come 
in  contact  with  active  cases  of  lobar  pneumonia  due  to  infection  with 
Pneumococcus  Type  I  and  Type  II  carry  in  their  mouth  secretions 
a  pneumococcus  of  the  same  type  as  that  causing  the  disease  with 
which  they  have  been  associated.  In  order  to  determine  the  fre- 
quency with  which  normal  individuals  acquire  these  types  of  pneu- 
mococcus, the  following  study  was  carried  on. 

A  nurse  was  sent  to  the  home  as  soon  as  possible  after  a  patient 
suffering  from  pneumonia  due  to  Type  I  or  Type  II  had  been  ad- 
mitted to  the  hospital.  Specimens  of  sputum  were  collected  from 
all  members  of  the  household;  i.e.,  all  persons  who  had  come  in  contact 
with  the  patient.  In  Table  IV  are  presented  the  results  of  this 
study.  This  table  includes  all  the  cases  which  were  studied  from  this 
point  of  view.  It  shows  the  incidence  and  type  of  pneumococcus 
found  among  the  members  of  52  households.  From  28  of  these 
homes  came  patients  with  lobar  pneumonia  due  to  Type  I  infection. 
Among  the  107  members  of  these  families  16,  or  15  per  cent,  showed 
Type  I  pneumococcus.     One  or  more  positive  contacts  were  found  in 

10  (36  per  cent)  of  the  homes.  Type  II  pneumococcus  was  isolated 
from  only  1  individual.  77  individuals  from  24  homes  in  which  a 
case  of  Type  II  pneumonia  had  occurred  were  studied.  From  5, 
or  6  per  cent,  a  Type  II  pneumococcus  was  isolated.  In  5,  or  21 
per  cent,  of  the  24  homes  a  positive  contact  was  found.  A  Type  I 
pneumococcus  was  not  found  among  these  individuals.  Altogether, 
from  a  total  of  52  cases  of  lobar  pneumonia  due  to  Type  I  and  Type 
II,  15,  or  28  per  cent,  gave  rise  to  the  carrier  condition  in  at  least 
one  of  their  immediate  associates.  The  total  number  of  households 
examined  was  52,  and  in  15,  or  28  per  cent,  there  were  one  or  more 
persons  who  showed  pneumococcus  of  Type  I  or  Type  II  in  their 
sputum.  Of  the  184  persons  who  composed  these  households  21, 
or  11  per  cent,  showed  either  a  Type  I  or  a  Type  II  pneumococcus. 

The  average  carrying  period  for  Type  I  was  25  days,  and  for  Type 

11  43  days.  The  carrying  period  was  roughly  estimated  by  taking 
the  middle  date  between  the  last  positive  sputum  and  the  first  nega- 
tive one.  If  the  contact  was  still  positive  at  the  last  examination, 
a  plus  sign  is  added. 
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TABLE   IV. 

Incidence  of  the  Carrier  Condition  in  Healthy  Individuals  in  Contact  with  Lobar 

Pneumonia. 


Type  of 

Case  No. 

infecting 
pneumo- 
coccus. 

Relationship  of  associates. 

Type  found  in  associates. 

Duration  of  carrying 
period. 

days 

2,746 

I 

Father. 
Mother. 
Sister  T. 
"      A. 

IV 

No  pneumococcus. 
IV 
IV 

2,751 

II 

Wife. 

Sister. 

Brother. 

Brother-in-law. 

II  x  and  III 
No  pneumococcus. 
IV 
II  b  and  IV 

2,786 

II 

Husband. 

Son. 

Daughter. 

II  X 

IV 
IV 

Friend. 

II 

48 

2,804 

I 

"       Mr.  0. 
"       Mrs.  0. 
"       G. 
"       H. 

IV 
IV 

11  X 

IV 

2,814 

I 

Wife. 

Brother. 

IV 
lib 

2,815 

I 

Husband. 

No  pneumococcus. 

Daughter  R. 

I 

6 

"         H. 

No  pneumococcus. 

Friend. 

II  X 

2,816 

I 

Wife. 
Son. 

No  pneumococcus. 
I 

31 

2,821 

I 

Sister-in-law. 

No  pneumococcus. 

Brother. 

II 

Undetermined. 

Friend. 

lib 

2,824 

I 

Sister. 

No  pneumococcus. 

2,825 

II 

Wife. 

Son-in-law. 

Daughter. 

II 

No  pneumococcus. 

II  X 

48 

2,827 

II 

Wife. 
Friend. 

No  pneumococcus. 
II  b  and  III 

2,834 

II 

Sister. 
Niece  T. 

"      M. 
Nephew  H. 
Friend  C. 

"        D. 

IV 
IV 
IV 

II  b  and  IV 
lib    "    III 
lib    "    IV 
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Type  of 

Case  No. 

infecting 
pneumo- 
coccal. 

Relationship  of  associates. 

Type  found  in  associates. 

Duration  of  carrying 
period. 

days 

2,852 

I 

Mother. 
Sister  M. 
"     A. 
Brother  L. 
"      I. 

No  pneumococcus. 

IV 
No  pneumoccocus. 

((                     u 

II  X 

2,853 

II 

Mother. 
Father. 
Sister  E. 
"     A. 
Brother. 

No  pneumococcus. 

IV 
No  pneumococcus. 

tt                     tt 

a                tt 

2,854 

II 

Wife. 

Daughter  H. 
M. 
"        I. 

tt                a 
a                it 
tt                it 

III  and  IV 

Friend. 

II 

Undetermined 

2,858 

I 

Wife. 
Daughter. 
SonR. 
"   I. 

No  pneumococcus. 
IV 
II  x  and  IV 
IV 

2,868 

II 

Mother. 
Brother  E. 

"      A. 

"      W. 

lib 

No  pneumococcus. 
a            tt 

2,869 

II 

Wife. 

Daughter  A. 
I. 
Brother. 

IV 

No  pneumococcus. 
u            n 

tt                a 

2,874 

I 

Friend  F. 

"      J- 

"      H. 

II  X 
III 
II  X 

2,879 

II 

Wife. 

No  pneumococcus. 

2,880 

I 

Mother. 
Father. 
Brother  W. 
"      R. 

IV 

No  pneumococcus. 
IV 
III 

Sister. 

I  and  IV 

41 

2,881 

II 

it 

Brother. 

Brother-in-law. 

IV 
No  pneumococcus. 
II  x  and  III 

Niece. 

IV 
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TABLE  IV — Continued. 


Case  No. 

Type  of 
infecting 
pneumo- 
coccus. 

Relationship  of  associates. 

Type  found  in  associates. 

Duration  of  carrying 
period. 

days 

2,883 

I 

Son. 

Daughter. 
Friend  S. 
"      Y. 

No  pneumococcus. 
it            a 

it                   a 

II  X 

2,885 

II 

Maid  J. 
"      A. 
"      M. 

IV 

No  pneumococcus. 

tt                   a 

2,886 

II 

Sister  C. 
"     E. 

Niece. 
Brother-in-law. 

tt                  a 
II  X 

No  pneumococcus. 
IV 

2,890 
2,891 

II 

I 

Wife. 

Sister. 
Niece  E. 
"     M. 
Brother-in-law. 

No  pneumococcus. 

it                     M 
tt                     tt 
tt                     « 

It                     tt 

2,892 

II 

Wife. 

Daughter  X. 
"       M. 
Son. 

It                     tt 

II  X 

III 

II  X 

2,896 

II 

Boarder. 
Mother. 
Sister. 
Brother. 

No  pneumococcus. 
IV 
IV 

II  X 

2,901 

I 

Wife. 
Friend  K. 

I 

II  X 

80 

2,906 

I 

Husband. 

Sister. 

Son. 

No  pneumococcus. 
tt            n 

tt                a 

2,908 

I 

Wife. 
Brother. 

a                ti 

IV 

Sister  L. 
"     A. 

No  pneumococcus. 
I 

37 

2,913 

I 

Mother. 
Brother. 

No  pneumococcus. 
IV 

2,917 

I 

Mother. 
Father. 
Brother  C. 
B. 
Sister  S. 
"    N. 

IV 

No  pneumococcus. 

Ill 
No  pneumococcus. 

IV 
No  pneumococcus. 
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Case  Xo. 

Type  of 
infecting 
pneumo- 
coccus. 

Relationship  of  associates. 

Type  found  in  associates. 

Duration  of  carrying 
period. 

days 

2,922 
2,924 

II 
I 

Wife. 

Daughter  I. 
Wife. 
Daughter  K. 

"       L. 

"       A. 
Son. 

II 

No  pneumococcus. 

M                    (« 

U                      It 

I 

No  pneumococcus. 
IV 

70+ 
25 

2,925 

I 

Wife. 
Daughter  S. 

"       A. 

"       R. 

III 

No  pneumococcus. 
<<            << 

III 

Son  J. 
"    M. 

I 
III 

25 

2,926 

II 

Friend  M. 

III 

• 

"      F. 
"      L. 

No  pneumococcus. 
II 

7 

2,934 

II 

"      R. 
"      X. 
"      H. 
"      C. 
"      K. 

No  pneumococcus. 
IV 

II  X 

No  pneumococcus. 

2,944 

I 

Mother. 
Father. 

I 
lib 

32 

Husband. 

I 

28 

Friend  M. 
"      McC. 

No  pneumococcus. 
IV 

Daughter  M. 
"       H. 

No  pneumococcus. 
I  and  III 

16 

Son. 
Sister. 

No  pneumococcus. 
I  and  II  x 

17 

2,945 

I 

Mother. 
Father. 
Brother  I. 

"      M. 

"      C. 

I 

I 

No  pneumococcus. 
<<            (« 

III  and  IV 

7 
35  + 

Sister  E. 

I 

9 

"     Y. 
"    S. 

No  pneumococcus. 

«                    M 

2,946 

II 

Wife. 
Son. 

<<                    «( 

IV 
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TABLE  IV — Concluded. 


Type  of 

Case  No. 

infecting 
pneumo- 
coccus. 

Relationship  of  associates. 

Type  found  in  associates. 

Duration  of  carrying 
period. 

days 

2,952 

I 

Wife. 
Daughter. 

IV 

No  pneumococcus. 

2,954 

I 

Brother  E. 

Sister  R. 
Cousin. 

it                       It 

it               it 
it                it 
it                u 

2,955 

I 

Wife. 
Son. 

I 
II  X 

21 

Daughter. 

I 

5 

2,968 

I 

Sister-in-law. 
Brother. 
Nephew  J. 
"       0. 

No  pneumococcus. 
a               a 

lib 
IV 

2,971 

II 

Maid. 
Father. 

No  pneumococcus. 

a                it 

2,976 

II 

Mother. 

it                n 

2,984 

I 

Brother. 
Nurse. 

IV 
IV 

2,991 

II 

Sister. 

IV 

2,996 

I 

Wife. 
Son. 

II  X 

No  pneumococcus. 

M.M. 

II 

Wife. 
Mother-in-law. 

Nurse. 

IV 
IV 

II  X 

Summary. 


Type. 

No.  of  pneu- 
monia 
househ  Ids 
examined. 

Households  in  which  car- 
riers were  found. 

Total  con- 
tacts 
examined. 

Positive  contacts. 

I 

II 

28 

24 

10 

5 

per  cent 
36 
21 

107 

77 

16 

5 

per  cent 

15 
6 

Total 

52 

15 

28 

184 

21 

11 
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Types  of  Pneumococci  Obtained  from  Dust  of  Households  in  Which  No 
Case  of  Pneumonia  Had  Occurred. 

The  presence  of  pneumococcus  in  dust  has  been  a  known  fact  for 
some  time.  Netter4  in  1897  was  the  first  to  recover  a  definite  pneu- 
mococcus from  dust.  Previous  workers,  notably  Emmerich,5  demon- 
strated the  presence  of  Friedlander's  bacillus  in  the  dust  of  a  room 
where  there  were  many  pneumonia  patients.  But  at  this  early  date 
the  pneumococcus  and  Friedlander's  bacillus  were  not  clearly  differ- 
entiated. The  occurrence  of  the  pneumococcus  in  dust  has  been 
lost  sight  of  and  very  little  significance  has  ever  been  attached  to  it. 
Its  presence  in  dust  has  not  been  correlated  with  the  occurrence  of 
cases  of  pneumonia  beyond  a  few  casual  references  to  the  finding  of 
pneumococcus  in  the  dust  of  wards  where  there  were  many  pneu- 
monia patients. 

In  order  to  determine  whether  pneumococcus  could  be  recovered 
with  any  regularity  from  dust  the  following  study  was  carried  out. 
The  specimens  of  dust  were  collected  as  follows:  A  piece  of  paper 
was  wrapped  about  a  scrubbing  brush  which  in  turn  was  covered 
by  a  piece  of  cloth  and  then  autoclaved.  The  dust  was  swept  up 
with  the  sterile  brush  on  to  the  paper  which  was  then  folded.  This 
dust  was  mixed  with  sterile  broth  and  1  or  1.5  cc.  of  the  mixture  were 
immediately  injected  into  the  peritoneal  cavity  of  a  white  mouse. 
Cultures  were  made  from  the  heart's  blood  of  the  mouse. 

In  Table  V  are  given  the  types  of  pneumococcus  recovered  from  the 
dust  of  62  rooms  in  which  pneumonia  had  not  occurred. 

From  these  62  specimens  of  dust,  in  18  instances,  or  29  per  cent 
pneumococcus  was  recovered.  In  all  but  one  instance  these  pneu- 
mococci belonged  to  those  types  which  are  normally  found  in  the 
mouth.  The  specimen  of  dust  from  which  the  Type  I  pneumococcus 
was  recovered  came  from  a  house  where  a  known  carrier  of  a  Type  I 
pneumococcus  was  visiting.  From  this  study  it  is  evident  that  pneu- 
mococcus can  be  easily  recovered  from  dust.  Furthermore,  it  ap- 
pears that  the  strictly  disease-producing  types  of  pneumococcus, 
Types  I  and  II,  are  not  prevalent  in  dust  when  patients  and  healthy 
carriers  of  these  types  of  pneumococcus  are  absent. 

*  Netter,  L.  D.,  Compt.  rend.  Soc.  biol,  1897,  iv,  series  10,  538. 
5  Emmerich,  R.,  Z.  Ilyg.  u.  Infectionskrankh.,  1894,  xvii,  167. 
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TABLE   V. 

Incidence  of  Pneumvcoccus  in  Dust  from  Rooms  in  Which  Pneumonia  Had  Not 

Occurred. 


Pneumococcus. 

Incidence. 

"        II                

1 

0 
0 

4 
3 
2 
8 

18 
44 

62 

per  cent 

5.5 
0 

"      II  a  

0 

"     lib 

22 

"      II  X 

16.6 

"    III 

"     IV 

11 

44.4 

Types  of  Pneumococci  Obtained  from  Dust  of  Households  in  Which 
Pneumonia  of  Type  I  and  Type  II  Had  Occurred. 

Table  VI  shows  the  incidence  and  types  of  pneumococcus  found  in 
183  specimens  of  dust  from  households  where  cases  of  Type  I  or 
Type  II  pneumonia  had  occurred. 

TABLE    VI. 

Incidence  of  Pneumococcus  in  Dust  in  the  Presence  of  Pneumonia. 


Pneumococcus. 

Incidence. 

Type      I 

25 
23 
0 
2 
2 
2 
20 

74 
109 

per  cent 

33  78 

"      II 

31.08 

"      II  a 

0 

"     lib 

2.70 

"      II  x 

'2.70 

"    III 

2.70 

"     IV 

27.02 

Pneumococcus  present 

absent 

ERNEST   G.    STILLMAN  427 

From  183  specimens  of  dust  collected  where  cases  of  pneumonia 
due  to  pneumococcus  of  Type  I  or  Type  II  had  occurred,  74,  or  40 
per  cent,  showed  pneumococcus.  A  Type  I  pneumococcus  was 
found  in  25  instances.  In  only  one  instance  was  a  Type  I  pneumo- 
coccus recovered  where  a  Type  II  pneumonia  had  occurred.  This 
dust  was  collected  16  days  after  the  patient  had  left  his  home.  A 
Type  II  pneumococcus  was  recovered  in  23  instances.  In  only  one 
instance  was  a  Type  II  pneumococcus  found  in  the  dust  in  the  room 
where  there  had  been  a  case  of  pneumonia  due  to  Type  I. 

From  this  study  it  is  evident  that  the  highly  parasitic  pneumococci, 
Types  I  and  II,  are  very  prevalent  in  dust  where  cases  of  the  same 
type  of  pneumonia  have  occurred.  As  the  dust  from  only  a  com- 
paratively small  area  of  the  floor  was  swept  up,  the  organisms  must 
have  been  present  in  a  much  larger  proportion  than  these  figures 
indicate. 

In  Table  VII  is  presented  a  study  of  the  types  of  pneumococcus 
obtained  from  the  homes  where  a  case  of  Type  I  or  Type  II  pneu- 
monia had  occurred.  As  a  rule,  the  dust  was  collected  only  from  the 
patient's  bedroom,  but  in  some  homes  specimens  were  also  obtained 
from  the  living-room  and  other  bedrooms.  Of  30  homes  where  a 
case  of  Type  I  pneumonia  had  occurred,  in  13  nstances,  or  43  per 
cent,  a  Type  I  pneumococcus  was  recovered  from  at  least  1  room. 
In  2  instances  a  Type  I  pneumococcus  was  recovered  from  2  rooms. 
In  all,  44  rooms  were  examined.  From  15  of  these  rooms,  or  34.08 
per  cent,  a  Type  I  pneumococcus  was  recovered.  No  Type  II 
pneumococcus  was  recovered  from  a  Type  I  home.  Of  22  homes 
where  a  case  of  Type  II  pneumonia  had  occurred,  in  13  instances,  or 
59  per  cent,  a  Type  II  pneumococcus  was  discovered  in  the  dust  of  at 
least  1  room.  In  3  homes  a  Type  II  pneumococcus  was  recovered 
from  2  rooms.  Of  the  27  rooms  which  were  examined,  in  16,  or  59 
per  cent,  pneumococci  of  Type  II  were  recovered.  In  only  one 
instance  was  a  Type  I  pneumococcus  recovered  from  the  dust  of  a 
Type  II  house.  This  occurred  16  days  after  the  patient  had  left 
the  house. 

A  comparison  of  Tables  IV  and  VII  shows  that  in  the  28  Type  I 
households  in  3  instances  the  dust  was  positive,  but  no  contact  was 
found;  in  2,  the  dust  was  negative,  but  a  positive  contact  was  present; 
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TABLE   VII. 
Incidence  of  Pnenmococci  in  Dust  from  Homes  Where  a  Case  of  Pneumonia  Occurred. 


Case 
No. 

M 

.5 
o  a 
Jf  <■> 

u 
o 

3 

S.2" 
H 

Room. 

>  o 
E  o 

h.  c 

if! 

E'o'o. 

0 

"■u.2 

3 

Type  of  pneumococcus. 

Condition  of  rooms. 

days 

2,746 

I 

Patient's  bedroom. 

0 

6 

Xo  pneumococci. 

Dirty  and  dark. 

2,804 

I 

tt                    tt 

3 

6 

a              tt 

2,814 

I 

tt                  tt 
it                  tt 

3 
11 

2 

tt              tt 
a              n 

Clean,  but  dark. 

2,815 

I 

tt                  tt 

1 

4 

I 

Light,    moderately 

tt                    u 

12 

I 

clean. 

2,816 

I 

M                    (« 

1 

6 

I 

Dark,  fairly  clean, 

tt                     tt 

10 

Xo  pneumococci. 

poorly  ventilated. 

2,821 

I 

tt                    It 

it                    it 

1 

10 

6 

I 

Xo  pneumococci. 

2,824 

I 

tt                    ti 

14 

3 

tt              it 

Very  dirty  and  dark. 

2,825 

II 

it                    a 
tt                    tt 
it                    tt 

1 

13 
49 

1 

III 
II 
Xo  pneumococci. 

Small,  dark. 

2,827 

II 

tt                    a 

3 

3 

II 

Clean,    light,     and 

tt                    tt 

10 

II 

small. 

a                    tt 

19 

Xo  pneumococci. 

2,834 

II 

tt                    tt 

5 

5 

IV 

Moderately    clean, 

it                    a 

16 

I 

fairly  well  ven- 
tilated. 

2,852 

I 

tt                   tt 

2 

4 

Xo  pneumococci. 

Large,    clean,    and 

it                    it 

23 

u               it 

light. 

2,853 

II 

it                    tt 

8 

2 

it              tt 

Very   clean,    light, 

tt                    a 

23 

a              tt 

well  ventilated. 

2,854 

II 

it                    tt 
tt                    it 

4 
14 

3 

tt              tt 
tt              it 

2,858 

I 

tt                    tt 
it                   it 

2 
14 

2 

I 
IV 

Moderately  clean 
and  light. 

2,868 

II 

tt                    tt 

2 

4 

Xo  pneumococci. 

Moderately  light, 
well  ventilated. 

2,869 

II 

a                  a 
a                  it 

3 

18 

2 

it              tt 
tt              tt 

Clean. 

2,874 

I 

it                  it 
it                  it 

3 
10 

3 

tt                  a 
tt                  it 

Clean. 

2,879 

II 

tt                  it 
tt                  tt 

2 
15 

2 

tt                  tt 
it                  it 
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TABLE  VII — Continued. 


Case 
No. 

60 

.H 

u  3 
£  ° 

•-  8 
o 

o| 

ll 

Room. 

"rt  in 

>  2 
go 

'-  c 

S"o'S 
H 

s 
o 

§a 

'•5.2 

oj 

Q 

Type  of  pneumococcus. 

Condition  of  rooms. 

days 

2,880 

I 

Patient's  1 

aedroom. 

2 

3 

IV 

Moderately    clean, 

a 

M 

13 

IV 

well  ventilated. 

2,881 

II 

a 

it 

2 

6 

IV 

Dark,  poorly  ven- 

2nd 

it 

2 

IV 

tilated. 

2nd 

ll 

13 

IV 

2,883 

I 

Patient's 
u 

tt 
It 

5 
15 

.  4 

No  pneumococci. 
it             it 

Fairly     clean     but 
small. 

2,885 

II 

u 

tt 

3 

2 

II 

Clean. 

it 

ll 

13 

No  pneumococci. 

2,886 

II 

u 

ll 

3 

4 

II 

Fairly     clean     but 

it 

It 

14 

No  pneumococci. 

dark. 

2,890 

II 

tt 

ll 

2 

4 

II 

tt 

It 

15 

No  pneumococci. 

2,891 

I 

It 

ll 

1 

3 

it              ii 

Clean. 

ll 

ll 

23 

it              n 

2,892 

II 

ll 

tt 

1 

5 

II 

Moderately    clean, 

ll 

It 

23 

II 

fairly   well   ven- 

:i 

ll 

29 

No  pneumococci. 

tilated. 

2,896 

II 

n 

It 

1 

4? 

II 

Fairly   clean,    well 

it 

tt 

24 

No  pneumococci. 

ventilated. 

2,901 

I 

n 

ll 

2 

5 

I 

Fairly    clean,    well 

it 

tt 

25 

I 

ventilated. 

tt 

ll 

40 

I 

n 

tt 

50 

I 

n 

ll 

72 

No  pneumococci. 

it 

It 

92 

tt              ti 

2,906 

I 

it 

ll 

2 

2 

I 

Large,  clean. 

it 

ll 

21 

No  pneumococci. 

2,908 

I 

it 
tt 

ll 

3 
18 

5 

I 

No  pneumococci. 

Fairly  clean. 

2,913 

I 

tt 

ll 

2 

5 

tt             it 

it 

tt 

13 

a             it 

2,917 

I 

Living-room. 

8 

6 

II  X 

Fairly  light. 

1st  sick  room. 

8 

No  pneumococci. 

Moderately  clean. 

1st    " 

It 

22 

tt              n 

2nd  " 

tt 

8 

tt              it 
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TABLE   VII — Continued. 


Case 
No. 

M 

.£ 

O  3 
£i  u 

.a  o 

o 
o  S 

a 

P-S 

Room. 

>  O 

£  o 
b  c 

E'o'o. 
H 

c 
Q 

Type  of  pneumococcus. 

Condition  of  rooms. 

days 

2,922 

II 

Living-room . 

3 

3 

II 

Fairly  clean,  moder- 

« 

22 

No  pneumococci. 

ately  ventilated. 

it 

37 

tt                   a 

« 

70 

tt                   it 

Patient's  bedroom. 

tt                      tt 
tt                     << 
<<                     << 

3 

18 
37 
57 
70 

II 
II 
II 
II 

No  pneumococci. 

2,924 

I 

tt                     << 
«                     « 

Living-room. 

3 

21 

3 

5 

tt              it 
a              tt 
it              it 

Fairly     light     and 
ventilated. 

2,925 

I 

Patient's  bedroom. 

1 

5 

a              tt 

Small,  dark,  moder- 

<(             « 

16 

I 

ately  clean. 

«              « 

29 

I 

(«              « 

45 

No  pneumococci. 

Living-room. 

2 

tt             tt 

{< 

29 

tt             tt 

tt 

45 

tt             tt 

2,926 

II 

Patient's  bedroom. 
it              n 

6 

6 

20 

4 

tt             tt 
it             it 

«              << 

II 

<<              << 

39 

II 

<<              «< 

55 

No  pneumococci. 

2,934 

II 

«              « 
«<              « 

5 
14 

4 

tt             it 
it             a 

Clean. 

2,944 

I 

1st 

3 

5 

TV 

House     thoroughly 

1st                    " 

16 

No  pneumococci. 

cleaned       before 

1st 

53 

II  X 

second  dust  spec- 

2nd                " 

3 

I 

imens  were  col- 

2nd 

16 

No  pneumococci. 

lected. 

Mother's  room. 

3 

I 

tt          tt 

16 

No  pneumococci. 

a          it 

53 

II  X 

Living-room. 

16 

No  pneumococci. 

2,945 

I 

« 

3 

5 

I 

Dirty,    dark,     but 

« 

17 

IV 

fairly  ventilated. 

tt 

35 

IV 
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TABLE  VH — Continued. 


Case 
No. 

M 

.5 

<->  3 
V   u 

Sa 

u 

_  o 
~  E 

3 
u  % 

Room. 

a  in 

>  2 

£  o 
«  ■»-» 

h  = 

E"o'£ 

c 
o 

o 

cs! 

—  .2 
o"| 
&"§ 

Q 

Type  of  pneumococcus. 

Condition  of  rooms?. 

days 

2,945 

I 

Patient's  bedroom. 

n                   it 
tt                   it 

3 

17 

35 

IV 

rv 

IV 

2,946 

II 

tt                   it 
tt                   tt 

1 

17 

3 

Xo  pneumococci. 
«              « 

2,949 

I 

u               u 

24 

8 

c«                u 

Fairly  clean. 

2,952 

I 

tt                  it 

3 

2 

M                        « 

Light,    clean,    well 

tl                  tt 

21 

«                        « 

ventilated. 

Living-room. 

3 

M                       (I 

tt 

21 

«                       M 

2,954 

I 

tt 
tt 

Patient's  bedroom. 

ti                        tt 

5 
19 

5 
19 

4 

«                      it 
tt                      tt 
11                      tl 
tl                      tt 

2,955 

I 

tt                  It 
it                  It 
It                  tt 

Living-room. 
tt 

tt 

it 

4 

13 
38 
4 
13 
38 
52 

6 

I 

IV 

Xo  pneumococci. 
it              n 

I 

Xo  pneumococci. 
it              n 

Moderately  clean. 

2,968 

I 

ti 

3 

5 

IV 

Fairly  clean,  fairly 

tt 

19 

Xo  pneumococci. 

well  ventilated. 

Patient's  bedroom. 

3 

tt              ti 

it              a 

19 

tt              tt 

2,971 

II 

it              a 

2 

4 

II 

Well  ventilated  and 

it                  tt 

26 

Xo  pneumococci. 

clean. 

Living-room. 

2 

II 

tt 

26 

Xo  pneumococci. 

2,976 

II 

it 
tt 
a 

Patient's  bedroom. 
«              a 

a             a 

3 
14 
41 

3 

14 
41 

3 

n              it 
it              it 
tt              a 
ti              it 

II 

Xo  pneumococci. 

2,984 

I 

a             tt 

7 

5 

tt             a 

Dark,    dirty    base- 
ment. 

2,991 

II 

n             it 

4 

1 

II 
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TABLE  VII — Concluded. 


Case 

No. 


2,991 


2,996 


M.M. 


F.I. 


o  S 


II 


II 


Patient's  bedroom. 
Living-room. 


Patient's  bedroom. 

It  a 

Another         " 

«  M 

Patient's  present 

room. 
Patient's  present 

room. 
Patient's  bedroom. 


S  o 


v  a5 

.§"S'S. 


days 
26 

4 
26 

1 
15 

1 
15 

1 
15 

0 

0 
1 


Type  of  pneumococcus. 


No  pneumococci. 

II 
No  pneumococci. 

lib 
No  pneumococci. 


I 

I 
II 

No  pneumococci. 

I 


Condition  of  room. 


Summary. 


Type. 

No.  of 
pneumonia 
households 
examined. 

Households  giving  rise  to 
positive  dust. 

Total  No. 
of  rooms 
examined. 

Positive  rooms. 

I 

30 
22 

13 
13 

per  cent 

43 
59 

44 
27 

15 
16 

per  cent 
34  08 

II 

59  25 

Total 

52 

26 

50 

71 

31 

43  66 

in  8,  the  dust  and  at  least  one  individual  showed  a  Type  I  pneumo- 
coccus; while  in  15,  a  Type  I  pneumococcus  was  recovered  neither 
from  the  dust  nor  from  a  member  of  the  household.  In  the  22  Type 
II  households,  in  10  instances  the  dust  alone  was  positive;  in  1,  an 
individual  alone  was  positive;  in  3,  a  Type  II  pneumococcus  was 
recovered  from  both  the  dust  and  from  a  member  of  the  household; 
and  in  8,  neither  the  dust  nor  an  individual  showed  a  Type  II  pneu- 
mococcus.    In  these  50  households  in  13  instances  the  dust  alone 
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was  positive,  while  in  only  3  was  the  dust  negative  in  the  presence 
of  a  positive  contact. 

Individuals  or  specimens  of  dust  were  studied  from  54  households 
where  a  case  of  pneumonia  due  to  a  pneumococcus  of  Type  I  or  Type 
II  had  occurred.  Of  the  30  Type  I  households,  14,  or  46  per  cent, 
showed  either  a  positive  human  contact  or  a  positive  dust.  From 
24  Type  II  households  15,  or  62  per  cent,  showed  either  a  positive 
human  contact  or  a  positive  dust.  In  other  words,  at  the  time  of  their 
admission  to  the  hospital,  the  homes  of  over  53  per  cent  of  the  pa- 
tients suffering  from  a  pneumonia  due  to  Type  I  or  Type  II  were 
infected  by  a  pneumococcus  of  the  same  type. 

As  a  rule,  the  dust  became  negative  before  the  contacts.  But  in 
two  instances  positive  dusts  were  obtained  after  the  carriers  in  the 
households  had  become  negative.  It  is  interesting  that  in  the  two 
homes  which  showed  a  positive  dust  for  the  longest  time  lived  the 
two  most  persistent  carriers.  In  Case  2,901,  Type  I,  the  dust  was 
positive  for  50  days,  while  the  carrier  had  not  become  negative  at 
the  end  of  80  days.  In  Case  2,922,  Type  II,  the  carrier  was  still 
positive  at  the  end  of  70  days  and  the  dust  was  po'sitive  on  the  57th 
day. 

Two  Pneumonia  Epidemics. 

Through  the  courtesy  of  the  State  Department  of  Health  and  the 
local  health  officer  of  Rochester,  N.  Y.,  I  have  had  an  opportunity  of 
studying  two  epidemics  of  pneumonia  in  institutions. 

One  epidemic  occurred  in  a  boys'  asylum.  At  the  time  of  the 
epidemic  there  were  over  200  boys  in  this  institution,  but  the  6  cases 
of  pneumonia  were  limited  to  the  boys  occupying  two  of  the  four 
dormitories.  3  boys  in  each  dormitory  developed  pneumonia; 
from  the  sputum  of  3  of  the  6  boys  a  Type  I  pneumococcus  was  re- 
covered, from  another  a  Type  II  x,  and  from  a  5th  a  Type  IV;  from 
1,  no  pneumococcus  was  obtained.  The  absence  of  Type  I  pneu- 
mococcus from  3  cases  may  be  due  to  the  fact  that  this  study  was  not 
made  until  the  patients  were  convalescent.  The  sputum  of  the 
other  56  boys  who  slept  in  the  two  dormitories  was  studied.  From 
the  saliva  of  6,  or  10  per  cent,  a  Type  I  pneumococcus  was  isolated. 

Three  specimens  of  dust  were  taken  at  random  from  each  of  the 
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two  dormitories.  As  these  rooms  were  very  clean  this  dust  had  to  v  i 
swept  out  from  between  the  chinks  of  the  floor  boards.  One  speci- 
men of  dust  from  each  dormitory  showed  a  Type  I  pneumococcus. 
Of  the  other  four  specimens  two  showed  a  Type  IV,  and  from  two  no 
pneumococcus  was  obtained.  Six  specimens  of  dust  from  the  vacant 
room  used  as  a  ward  failed  to  show  a  Type  I  pneumococcus,  but  a 
pneumococcus  of  Type  II  and  a  pneumococcus  of  Type  II  b  were 
recovered. 

In  this  epidemic  50  per  cent  of  the  cases  of  pneumonia  were  found 
to  be  due  to  Type  I  pneumococcus;  from  10  per  cent  of  the  healthy 
contacts  and  from  the  dust  a  Type  I  pneumococcus  was  recovered. 

The  other  epidemic  occurred  in  the  Rochester  State  Hospital  for 
the  Insane.  Here  six  cases  of  pneumonia  occurred  among  the  in- 
mates of  one  ward  of  over  200  persons.  A  Type  I  pneumococcus 
was  recovered  from  four  of  the  patients,  but  the  other  two  patients 
died  before  the  type  of  infecting  pneumococcus  was  determined. 
Each  of  the  patients  who  died  had  shared  a  double  room  with  one 
of  the  patients  who  showed  a  Type  I  pneumococcus.  A  Type  I 
pneumococcus  was  also  recovered  from  the  dust  of  one  of  these  two 
bedrooms.  The  saliva  of  148  inmates  of  this  ward  was  studied. 
In  five  instances  a  Type  I,  and  in  one  a  Type  II  pneumococcus  were 
isolated.  In  all,  nine  specimens  of  dust  were  examined.  In  one 
instance  a  Type  I,  in  one,  a  Type  III,  and  in  three,  a  Type  IV  pneu- 
mococcus was  found. 

In  this  epidemic  six  cases  of  pneumonia  occurred  in  the  ward  of  an 
institution.  A  Type  I  pneumococcus  was  recovered  from  four  of  the 
six  patients,  from  2  per  cent  of  the  healthy  contacts,  and  from  the 
dust. 

Related  Cases  of  Pneumonia. 

Several  instances  which  seem  to  be  contact  infections  or  infections 
from  the  same  source  have  been  studied.  In  the  first  instance  a 
mother  daily  visited  her  son  who  was  critically  ill  with  a  Type  I 
pneumonia.  The  mother  contracted  a  bad  cold  and  developed  pneu- 
monia due  to  a  Type  I  pneumococcus  11  days  after  her  son  was  taken 
ill.  Another  case  was  that  of  an  actor  who  was  admitted  to  the 
hospital  with  a  Type  II  pneumonia.     The  next  day  an  actor  who 
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shared  the  same  dressing-room  developed  a  Type  II  pneumonia. 
Before  the  end  of  the  week  an  electrician  at  the  same  theater  became 
ill  with  pneumonia.  He  also  showed  a  Type  II  pneumococcus.  In 
a  third  instance  Miss  H.  (type  of  pneumonia  not  determined)  was 
taken  to  a  private  hospital  by  Mrs.  A.  who  developed  a  Type  II  pneu- 
monia in  a  few  days.  Mr.  B.  helped  to  nurse  Mrs.  A.  and  shortly  fell 
sick  with  a  Type  II  pneumonia.  In  another  instance  a  patient  who 
had  just  recovered  from  a  Type  I  pneumonia  left  the  hospital  March  9. 
The  next  day  he  went  to  see  his  brother  who  had  developed  a  Type 
II  pneumonia.  On  March  12  this  patient,  who  had  just  recovered 
from  a  Type  I  infection,  developed  a  pneumonia  due  to  a  Type  II 
pneumococcus.  The  following  case  suggests  the  possibility  of  an 
infection  by  a  healthy  carrier.  A  patient  was  admitted  to  the 
hospital  suffering  from  pneumonia  due  to  Pneumococcus  Type  I. 
Specimens  of  sputum  were  obtained  from  the  other  members  of  the 
household.  One  5  year  old  daughter  was  found  to  be  a  Type  I 
pneumococcus  carrier;  the  other  two  members  of  the  household 
were  negative.  The  dust  from  the  room  the  patient  had  previously 
occupied  in  this  house  also  showed  a  Type  I  pneumococcus.  The 
little  girl  was  sent  to  board  with  friends  while  her  mother  was  in  the 
hospital.  She  spent  3  days  with  the  first  family  and  then  went  to 
visit  in  the  Bronx.  6  days  after  she  left,  a  child  in  the  home  where 
she  had  visited  came  down  with  pneumonia  due  to  Pneumococcus 
Type  I.  Specimens  of  sputum  from  the  other  members  of  this 
household  were  negative,  but  from  the  dust  in  the  sick  child's  room 
a  pneumococcus  of  Type  I  was  isolated.  The  daughter  of  the  original 
patient  visited  in  the  Bronx  for  10  days.  No  cases  of  pneumonia 
developed  in  this  home  and  the  sputum  of  the  members  of  this  family 
as  well  as  the  dust  failed  to  show  the  presence  of  Pneumococcus 
Type  I.  The  child  next  went  to  visit  friends  in  Brooklyn.  Although 
the  sputum  from  the  members  of  this  household  were  negative,  from 
the  dust  a  Type  I  pneumococcus  was  recovered. 

DISCUSSION. 

The  results  of  the  work  detailed  in  this  paper  confirm  the  previous 
observations  of  Dochez  and  Avery  on  the  occurrence  of  healthy  car- 
riers of   disease-producing   types  of  pneumococcus.     Consideration 
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of  the  results  of  study  over  a  period  of  years  of  the  types  of  pneu- 
mococcus  inducing  lobar  pneumonia  shows  that  in  the  majority 
of  instances  infection  is  due  to  organisms  belonging  to  Type  I  or 
Type  II.  The  minority  of  cases,  on  the  other  hand,  are  due  to  in- 
fection with  pneumococcus  of  Types  III  and  IV. 

Comparison  of  the  types  of  pneumococcus  obtained  from  the  mouth 
secretions  of  normal  persons  with  those  isolated  from  individuals  with 
lobar  pneumonia  shows  the  existence  of  two  general  classes  of  organ- 
isms. One  of  these,  which  consists  of  Types  I  and  II,  occurs  only 
in  association  with  disease.  The  other,  which  includes  Types  III 
and  IV  and  the  atypical  Type  II  organisms,  also  causes  pneumonia 
but  these  organisms  are  commonly  found  in  normal  healthy  mouths. 
Rarely  Types  I  and  II  have  been  found  in  the  mouth  secretions  of 
normal  individuals  who  give  no  history  of  association  with  cases  of 
pneumonia.  On  the  other  hand,  organisms  of  Types  I  and  II  have 
been  found  in  11.  per  cent  of  normal  individuals  who  have  been  in 
intimate  association  with  a  case  of  pneumonia  of  the  same  type. 

Although  the  presence  of  pneumococcus  in  dust  has  been  known 
for  some  time,  little  significance  has  been  attached  to  it.  The  results 
of  this  work  show  that  pneumococcus  can  be  easily  recovered  from 
dust.  The  types  of  pneumococcus  found  reflect  accurately  the  pneu- 
mococcal flora  of  the  mouth  of  the  members  of  these  households. 
Pneumococcus  of  Types  I  and  II  is  rarely  found  in  dust  except  where 
a  case  of  pneumonia  due  to  the  same  type  of  pneumococcus  has  oc- 
curred. In  view  of  the  ease  with  which  dust  can  be  disseminated  it 
is  not  surprising  that  in  a  few  instances  a  Type  I  or  Type  II  organism 
was  recovered  from  the  dust  which  did  not  correspond  to  the  type  of 
pneumococcus  producing  the  disease. 

The  occurrence  of  these  disease-producing  types  of  pneumococcus 
in  the  dust  suggests  the  possibility  that  air-borne  infection  may  play 
a  part  in  the  production  of  pneumonia.  On  the  other  hand,  the  mere 
presence  of  the  disease-producing  types  of  pneumococci  in  the  mouth 
will  not  initiate  disease.  But  if  a  susceptible  individual  comes  in 
intimate  contact  with  a  case  of  pneumonia  there  is  grave  danger  of  his 
contracting  the  disease. 

These  facts  suggest  the  following  conclusions  concerning  the  epi- 
demiology of  lobar  pneumonia.     Infection   with  pneumococcus  of 


ERNEST   G.    STTLLMAN  437 

Types  I  and  II  must  be  regarded  as  dependent  upon  either  direct  or 
indirect  contact  with  a  previous  case  of  lobar  pneumonia  due  to  the 
same  type  of  organism.  These  types  of  infection  are  either  acquired 
by  direct  contact  with  a  previous  case  of  pneumonia,  by  association 
with  a  healthy  carrier  of  one  of  these  types  of  pneumococcus,  or  pos- 
sibly by  an  air-borne  infection  from  dust  which  has  been  infected. 
Infection  with  the  sputum  types  of  pneumococcus,  namely  Types  III 
and  IV  and  the  atypical  strains  of  Type  II,  may  be  autogenic,  or  due 
to  the  acquisition  by  the  individual  of  one  of  these  types  to  which  he 
is  especially  susceptible. 

SUMMARY. 

1.  Pneumococci  of  Type  I  and  Type  II  are  responsible  for  the 
majority  of  the  cases  of  lobar  pneumonia. 

2.  Among  the  pneumococci  found  in  the  mouths  of  healthy  in- 
dividuals Type  IV  predominates,  Type  III  is  frequent,  and  atypical 
organisms  of  Type  II  are  occasionally  found. 

3.  Healthy  persons  intimately  associated  with  cases  of  lobar  pneu- 
monia may  harbor  in  their  mouth  secretions  the  highly  parasitic 
pneumococcus  of  Types  I  and  II. 

4.  Occasionally  a  carrier  of  Type  I  or  Type  II  pneumococcus  is; 
encountered  in  whom  it  is  impossible  to  trace  any  contact  with  an 
infected  patient. 

5.  From  the  dust  of  homes  where  cases  of  pneumonia  due  to  Types 
I  and  II  have  occurred,  pneumococci  of  the  same  type  may  be 
recovered. 


[Reprinted  from  The  Journal  of  Experimental  Medicine,  October  1,  1917,  Vol.  xxvi, 

No.  4,  pp.  537-561.] 
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Ever  since  the  demonstration  in  1891  by  Foa  and  Carbone,1  Emme- 
rich and  Fowitzky,2  and  G.  and  F.  Klemperer3  of  the  immunizing 
properties  of  the  serum  of  animals  rendered  immune  to  pneumococcus, 
this  serum,  modified  in  various  ways,  has  been  employed  to  a  greater 
or  less  extent  in  the  treatment  of  pneumonia  in  man. 

Besides  the  employment  of  sera  prepared  in  various  ways  in  small 
series  of  cases,  there  has  been  an  extensive  employment  of  the  sera 
prepared  according  to  the  directions  of  Pane,4  Washbourn,5  and  more 
lately  Romer6  and  Neufeld  and  Handel.7- 8  In  this  country  at  least 
six  commercial  houses  which  sell  biologic  products  have  for  some 
years  been  producing  immune  serum  for  the  treatment  of  pneumonia 
and  pneumococcus  infections.  It  is  impossible  to  know  how  exten- 
sively these  sera  have  been  employed,  certainly  to  a  sufficient  extent 
to  render  their  production  profitable. 

In  spite  of  all  that  has  been  written  concerning  the  theoretical 
principles  involved  in  the  preparation  of  antipneumococcic  serum, 
and  in  spite  of  all  the  reports  of  its  therapeutic  application  which 
have  appeared,  it  is  very  difficult  to  learn  from  the  literature  on  the 
subject  exactly  how  these  sera  have  been  prepared  or  standardized. 

1  Foa,  P.,  and  Carbone,  T.,  Gazz.  med.  Torino,  1891,  xlii,  1. 

2  Emmerich,  R.,  and  Fowitzky,  A.,  Munch,  med.  Woch.,  1891,  xxxviii,  554. 

3  Klemperer,  G.,  and  Klemperer,  F.,  Bed.  klin.  Woch.,  1891,  xxviii,  833,  869. 

4  Pane,  N.,  Centr.  Baktcriol.,  lie  Alt.,  1897,  xxi,  664. 

5  Washbourn,  J.  W.,  Brit.  Med.  J.,  1897,  i,  510. 

6  Romer,  P.,  Arch.  Ophth.,  1902,  liv,  99;  Experimented  und  klinische  Grund- 
lagen  fur  die  Serumtherapie  der  Pneumokokkeninfektion  der  menschlichen  Cornea 
(Ulcus  serpens),  Wiesbaden,  1909. 

7  Xeufeld,  F.,  and  Handel,  Z.  Immunitatsforsch.,  Orig.,  1909,  iii,  159. 
.     8 Neufeld  and  Handel,  Arb.  k.  Gsndhtsamte.,  1910,  xxxiv,  166,  1293. 
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Without  this  knowledge  we  can  have  no  accurate  starting-point  from 
which  to  proceed  toward  improvements  in  methods  of  production. 

In  view  of  these  facts  and  also  since  an  antipneumococcic  serum  is 
now  being  prepared  by  The  Rockefeller  Institute  for  Medical  Research 
and  used  in  the  Hospital  of  this  institution,  and  since  serum  made  in 
a  similar  manner  is  now  being  prepared  by  a  number  of  commercial 
houses  and  by  several  public  health  laboratories  for  wider  dis- 
tribution, it  has  seemed  important  that  an  accurate  description  of  the 
methods  employed  by  us  in  its  production  be  published,  together 
with  a  brief  discussion  of  the  theoretical  basis  for  the  methods 
employed. 

Theoretical  Considerations  Concerning  the  Production  of 
Antipneumococcic  Serum. 

In  spite  of  a  general  belief  to  the  contrary,  all  kinds  of  animals, 
even  the  most  susceptible,  may  be  rendered  actively  immune  to 
pneumococcus  infection,  by  the  previous  injection  of  non-lethal 
doses  of  living  pneumococci  or  even  by  the  injection  of  the  dead 
bodies.  Indeed,  the  substances  of  the  bacteria  which  give  rise  to  the 
immune  reaction  are  very  resistant  to  various  chemical  and  physical 
agents,  and  a  review  of  the  literature  shows  that  it  is  possible  to 
produce  active  immunity  with  a  great  variety  of  antigens  prepared 
from  the  bacteria.  The  degree  of  immunity,  however,  differs,  de- 
pending upon  the  procedures  employed. 

The  serum  of.  the  actively  immunized  animals,  in  many  cases, 
possesses  protective  and  curative  power,  the  degree  of  this  power 
depending  somewhat  on  the  height  of  the  active  immunity,  but  not 
invariably  or  regularly  so.  It  may  be  stated,  however,  that  animals 
whose  serum  is  protective  and  curative  are  always  actively  immune. 
On  the  other  hand,  an  animal  may  itself  be  fairly  highly  immune 
without  the  serum  containing  any  immune  bodies  that  we  can  demon- 
strate, and  without  its  having  any  demonstrable  protective  action. 
For  instance,  we  have  immunized  rabbits  so  that  they  have  success- 
fully withstood  0.1  cc.  of  a  living  culture,  of  which  0.000001  cc.  killed 
the  control,  without  the  blood  showing  a  trace  of  immune  bodies  or 
any  protective  power.  Quite  frequently  animals  whose  serum  shows 
only  moderate  grades  of  immunizing  value  may  be  actively  resistant 
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to  enormous  doses.  The  fact  that  active  immunity  and  serum- 
immunizing  power  do  not  run  exactly  parallel  does  not  necessarily 
indicate  that  active  immunity  in  pneumococcus  infection  differs 
fundamentally  from  passive  immunity,  but  suggests  this  possibility. 
At  any  rate,  it  suggests  that  in  the  reaction  of  resistance  to,  or  recovery 
from,  infection  there  may  be  other  factors  concerned  than  the  humoral 
ones.  Nevertheless,  with  present  knowledge  of  serum  therapy  our 
effort  must  be  confined  to  the  production  of  a  serum  having  a  high 
content  in  demonstrable  antibodies  and  a  high  protective  value.  The 
chief  kinds  of  antibodies  which  can  be  demonstrated  in  this  immune 
serum  are  agglutinins  and  opsonins  or  bacteriotropins,  and  the  kind 
of  protective  power  meant  is  that  which  is  exhibited  when  a  very 
small  amount  of  the  serum  is  injected  into  a  susceptible  animal 
such  as  the  mouse,  simultaneously  with,  or  within  a  few  hours  fol- 
lowing, the  injection  of  a  large  dose  of  virulent  culture,  which  alone 
would  cause  rapid  death  of  the  animal.  These  are  the  properties 
of  the  serum  which  are  at  present  tested  to  indicate  its  therapeutic 
strength. 

It  would  lead  us  far  from  our  present  purpose,  were  we  to  discuss 
here  at  length  the  mode  of  action  of  the  serum,  for  the  discussion 
would  necessarily  involve  a  consideration  of  the  mechanism  of  re- 
sistance and  recovery.  It  is  not  believed  that  the  action  of  the 
immune  serum  is  entirely  dependent  either  on  its  power  of  causing 
agglutination  (Bull9)  or  on  its  bacteriotropic  power  (Neufeld  and 
Rimpau10  and  Neufeld  and  Handel7-8),  though  these  properties  may 
play  important  parts.  They,  however,  are  susceptible  of  quantita- 
tive estimation.  The  protection  of  small  animals  undoubtedly 
reproduces  more  accurately  the  part  which  the  serum  plays  in  re- 
covery from  natural  infection,  as  seen  in  the  human  patient,  but 
even  here  the  conditions  are  not  identical. 

At  the  present  time,  however,  the  effectiveness  of  the  serum  seems 
to  be  parallel  to  its  content  in  the  antibodies  we  have  mentioned,  and 
especially  to  its  protective  power  tested  as  we  have  described.  We 
believe  the  production  of  antipneumococcic  serum  that  may  be 
accurately  standardized  is  of  fundamental  importance.  Whether  all 
theoretical  qualifications  are  fulfilled  is  not  so  essential. 

9  Bull,  C.  G.,  J.  Exp.  Med.,  1916,  xxiv,  7. 

10  Neufeld,  F.,  and  Rimpau,  W.,  Z.  Hyg.  it.  Infcctionskrankh.,  1905,  li,  283. 
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Specificity. 

The  primary  requisite  for  the  serum  is  that  it  is  specific.  Every- 
thing stated  above  concerning  both  active  and  passive  immunity 
is  true  only  if  the  bacterium  acted  upon,  either  in  antibody  tests 
in  vitro,  or  in  protection  tests  in  vivo,  is  identical  with  the  organism 
used  in  producing  the  serum.  This  does  not  merely  mean  that  the 
bacteria  shall  belong  to  the  same  species,  for  it  is  now  generally 
known  that  different  races  of  the  same  species  of  bacteria  may  show 
differences  in  their  antigenic  properties,  even  without  differences  in 
their  cultural  characteristics.  These  differences  have  heretofore, 
however,  been  considered  differences  merely  in  degree  and  mainly 
in  lesser  degree.  To  overcome  the  difficulties  which  this  fact  puts 
in  the  way  of  the  production  of  immune  serum  for  practical  purposes, 
recourse  has  been  had  to  the  method  of  immunizing  an  animal  with 
many  different  strains,  producing  a  polyvalent  serum.  This  method, 
for  instance,  has  been  made  use  of  to  a  considerable  extent  in  the 
production  of  antimeningococcic  serum.  Although  certain  races  of 
meningococci  differ  from  each  other  quite  markedly  in  their  immuno- 
logical properties,  yet  they  all  have  common  characteristics  which 
render  a  sharp  differentiation  difficult,  if  not  impossible.  The  con- 
ditions as  regards  meningococci  at  present  seem  to  be  somewhat  as 
follows.  If  we  employ  the  Ehrlich  nomenclature,  each  strain  of 
meningococcus  is  endowed  with  a  large  number  of  kinds  of  receptors 
which  we  may  designate  by  the  letters  of  the  alphabet.  In  one  large 
group  of  strains  of  meningococcus  a  receptors  predominate ;  in  another 
group  b  receptors  predominate,  etc.  In  smaller  groups  other  receptors, 
such  as  k,  I,  m,  or  n  receptors,  are  most  numerous.  However,  even 
in  the  first  two  groups,  the  a  and  b  receptors  are  not  exclusively  pres- 
ent or  even  overwhelmingly  predominating.  Indeed  each  of  the 
different  races  possesses  practically  all  the  different  kinds  of  receptors 
but  in  greatly  varying  degrees. 

Under  these  conditions,  in  order  to  produce  a  serum  which  will  be 
active  against  all  the  different  races  it  isliecessary  to  choose  and  employ 
for  immunization  a  large  number  of  races  in  order  that  the  entire 
receptor  "spectrum"  shall  be  covered  as  uniformly  as  possible.  It 
seems  that  it  is  possible  to  do  this  fairly  well  as  far  as  meningococcus 
is  concerned. 
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The  conditions  as  concerns  pneumococcus  are  similar,  though  not 
identical.  From  agglutination  experiments  Kindborg11  decided  that 
all  strains  of  pneumococci  were  immunologically  distinct.  Neufeld 
first  brought  evidence  of  group  relationships  and  this  fact  has  been 
elaborated  and  extended  by  the  work  in  The  Rockefeller  Institute 
Hospital  and  elsewhere.  Dochez  and  Gillespie12  have  demonstrated 
that  the  pneumococci  obtained  from  cases  of  pneumonia  occurring  in 
this  country  belong  in  four  large  groups.  The  immunological  charac- 
teristics of  the  organisms  of  three  of  these  groups  are  very  specific. 
The  conditions  therefore  among  pneumococcus  are  different  from 
those  obtaining  among  meningococcus.  It  is  difficult  to  demon- 
strate by  immunological  methods  that  pneumococcus  of  Type  I 
has  any  immunological  characteristics  (or  receptors  in  the  Ehrlich 
nomenclature)  which  are  common  to  all  pneumococci.  Complement 
fixation  tests,  however,  seem  to  show  that  the  pneumococci  of  the 
different  types  do  possess  some  common  characters,  at  least  these 
tests  are  not  absolutely  specific  as  regards  the  different  types  (Hanes13) 
and  the  antihemoly tic  reactions  of  specific  sera  against  the  hemolytic 
toxins  derived  from  different  types  of  pneumococci  (Cole14)  are  not 
absolutely  specific.  So  too  the  extremely  active  agglutinating  immune 
sera  produced  by  the  injection  of  pneumococci  of  specific  types  may 
have  slight  degrees  of  effectiveness  against  certain  strains  of  other 
types  (Blake15).  But  in  general  the  different  types  of  pneumococci 
have  a  high  degree  of  specificity  as  shown  by  protective  action  and  by 
agglutination.  Active  immunity  to  the  different  types  also  seems 
very  specific.  This  type  specificity,  which  was  only  lately  recognized, 
is  of  fundamental  and  primary  importance  in  considering  the  practical 
application  of  immunity  to  therapy  in  this  disease.  Since  nothing  was 
known  of  this  group  specificity  before  the  observations  of  Neufeld  were 
made,  it  is  very  difficult  to  draw  any  conclusions  from  the  observa- 
tions or  from  the  results  of  their  practical  application  which  were 
made  in  this  field  before  that  time.     Where  identical  strains  were 

11  Kindborg,  A.,  Z.  Hyg.  u.  Infectionskrankh.,  1905,  li,  197. 

12  Dochez,  A.  R.,  and  Gillespie,  L.  J.,  /.  Am.  Med.  Assn.,  1913,  lxi,  727. 

13  Hanes,  F.  M.,  /.  Exp.  Med.,  L914,  xix,  38. 

14  Cole,  R.,  /.  Exp.  Med..  1914.  xx,  346. 

15  Blake,  F.  G.,  /.  Exp.  Mai.,  1917,  xxvi,  67. 
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used  throughout  experiments,  the  conclusions  of  course  were  valid, 
but  in  the  absence  of  knowledge  of  the  importance  of  using  only  these 
strains,  it  is  probable  that  in  many  cases  this  procedure  was  not 
strictly  adhered  to. 

The  work  done  in  the  Hospital  of  The  Rockefeller  Institute,  both 
experimentally  and  clinically,  indicates  that  immune  serum  against 
Type  I  infection  is  more  effective  than  that  against  any  other  of  the 
specific  types.  Indeed  the  results  obtained  both  here  and  elsewhere 
indicate  that  this  serum  has  great  therapeutic  value  when  it  is  em- 
ployed in  the  treatment  of  cases  due  to  the  same  type  of  pneumococcus. 
On  the  other  hand,  the  observations  which  have  so  far  been  made 
with  sera  of  the  other  types  do  not  show  that  these  produce  distinct 
therapeutic  effects.  It  is  possible,  of  course,  that  improvements  in 
the  method ,  of  production  or  mode  of  application  of  these  other 
types  of  serum  may  lead  to  more  satisfactory  results.  For  the 
present,  however,  we  believe  that  the  general  practical  application 
of  this  form  of  therapy  should  be  confined  to  Type  I  cases,  and  this 
may  readily  be  done  since  the  type  of  infection  in  the  individual 
case  may  easily  be  determined  by  the  methods  described  elsewhere 
(Blake15).  We  also  think  it  important  at  present  that  the  commercial 
production  of  antipneumococcic  serum  for  therapeutic  purposes  be 
confined  to  that  effective  against  Type  I  infection.  This  paper  aims 
to  present  the  best  method  for  manufacturing  this  serum  and  is  based 
on  the  experience  we  have  gained  through  the  immunization  of  a  very 
large  number  of  rabbits,  several  goats,  and  four  horses  to  Type  I 
pneumococcus,  four  horses  to  Type  II  pneumococcus,  one  to  Type 
III  pneumococcus,  and  one  to  both  Type  I  and  Type  II  pneumo- 
cocci,  or  ten  horses  in  all. 

Animals  to  Be  Employed  for  Immunization  Purposes. 

For  practical  reasons  small  animals  cannot  be  used  to  supply  serum 
for  therapeutic  purposes,  especially  if  the  large  amounts  of  serum 
which  are  now  considered  necessary  are  to  be  used. 

In  the  earlier  therapeutic  tests,  such  as  those  of  G.  and  F.  Klemperer  and  Foa 
and  Carbone,  rabbits  were  used  for  obtaining  the  small  amounts  of  serum  used. 
Later  Washbourn  used  ponies  for  immunizing  purposes.  Pane  used  a  cow  and 
an  ass.     Neufeld  used  horses  in  the  preparation  of  his  serum. 
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Romer6  has  laid  stress  on  the  importance  of  combining  the  sera  prepared  by 
immunizing  a  number  of  different  animals.  His  reason  for  this  is  a  purely  the- 
oretical one;  namely,  that  all  the  different  antigenic  elements  contained  in  a 
complex  structure  such  as  the  pneumococcus  may  not  find  suitable  receptors  in 
any  one  animal.  With  present  knowledge  it  seems  that  we  may  disregard  this 
consideration. 

We  believe  that  for  practical  reasons  it  is  best  to  use  horses.  Our 
experience  is  not  sufficient  to  enable  us  to  have  a  definite  opinion  as 
to  the  kind  of  horses  best  to  choose  for  this  purpose ;  apparently,  how- 
ever, draft  horses  are  superior  to  the  lighter  grades  and  to  the  more 
finely  bred  animals.  Joint  injuries,  indeed  injuries  of  all  kinds,  un- 
doubtedly contribute  to  the  localization  of  pneumococcus  and  con- 
sequent focal  infection.  The  highly  strung,  nervous  horses  are  more 
liable  to  these  injuries  and  infections.  These  accidents  delay  immuni- 
zation. As  regards  antibody  response,  there  has  been  marked  in- 
dividual variation,  but  the  difference  has  not  been  associated  with 
any  obvious  distinction  in  type  of  horse.  In  rabbits,  with  which  our 
experience  is  much  larger,  there  is  very  great  individual  difference. 
It  is  far  more  important  in  the  production  of  this  kind  of  serum  than 
in  the  production  of  antitoxic  sera  that  the  horses  should  be  perfectly 
sound  and  healthy,  especially  without  old  joint  injuries. 

Site  of  Injection. 

Neufeld  has  laid  stress  on  the  value  of  intravenous  injections.  We 
have  also  employed  this  method  since  local  reactions  are  thereby 
avoided.  With  dead  cultures  the  local  reactions  are  usually  not 
severe  or  important;  where  living  cultures  are  employed,  however, 
they  may  be  violent  and  abscess  formation  not  infrequently  occurs. 
It  is  felt,  moreover,  that  by  intravenous  injections  the  bacteria  are 
brought  more  rapidly  and  quickly  and  with  less  opportunity  for  change 
into  contact  with  widely  distributed  cells,  the  reaction  with  which  is 
supposed  to  result  in  the  immunity  response. 

Choice  of  Antigen. 

Use  of  Living  or  Dead  Cultures. — As  we  have  previously  stated,  the 
production  of  active  immunity  is  attended  with  little  difficulty  and 
the  form  of  antigen,  so  far  as  we  know,  is  not  of  great  importance, 


446  PRODUCTION   OF   ANTIPNEUMOCOCCIC   SERUM 

but  when  we  come  to  the  question  of  the  production  of  humoral 
immunity,  especially  of  the  highest  grade,  this  factor  may  be  of  the 
greatest  importance.  It  has  generally  been  assumed  on  theoretical 
grounds  that  to  produce  the  highest  grade  of  humoral  immunity 
it  is  necessary  to  use  living  cultures.  It  seems  likely  that  all  the 
various  constituents  of  the  bacterial  cell  and  even  some  products  of 
growth,  which  may  be  very  labile,  give  rise  to  specific  antibodies. 
Therefore  to  obtain  the  most  varied  and  complete  reaction  it  has 
been  thought  necessary  to  employ  the  living  organisms,  which  may, 
for  a  short  time  at  least,  grow  in  the  body  and  produce  or  give  rise  by 
their  dissolution  to  certain  labile  metabolic  substances  which  may 
stimulate  antibody  formation.  Most  of  the  antipneumococcic  sera 
which  have  been  prepared,  at  least  of  late  years,  have  been  produced 
by  the  injection  first  of  dead,  then  of  living  organisms.  The  general 
acceptance  of  this  method  is  probably  due  in  part  to  what  is  known 
concerning  immunity  in  tuberculosis.  Here,  as  is  well  known,  the  only 
immunity  that  is  effective  has  been  produced  by  the  injection  of  living 
organisms,  by  producing  a  mild  tuberculous  infection.  One  must  be 
careful,  however,  in  applying  what  is  known  concerning  one  type  of 
infection  directly  to  another,  without  due  consideration.  As  knowl- 
edge of  infection  increases  it  becomes  more  and  more  evident  that 
each  disease  must  be  considered  independently.  As  we  shall  show 
later,  it  is  possible  that  in  the  production  of  antipneumococcic  serum 
the  living  organisms  are  not  so  important  as  they  have  previously 
been  considered. 

Virulence  of  Organisms  Employed. — Pneumococci  may  rapidly 
lose  their  virulence  for  animals  when  grown  in  an  artificial  medium. 
This  loss  of  virulence,  however,  may  not  be  uniform  for  all  kinds  of 
experimental  animals.  Moreover,  the  virulence  of  pneumococci 
which  have  long  been  grown  on  artificial  media  may  be  increased  by 
passing  repeatedly  through  experimental  animals.  Here  again  the 
increase  of  virulence  may  not  be  uniform  for  all  the  varieties  of 
animals.  It  is  possible,  for  instance,  to  obtain  a  given  strain  which 
is  very  virulent  for  guinea  pigs,  with  little  virulence  for  rabbits. 
Even  for  animals  as  closely  related  in  their  susceptibility  to  pneumo- 
coccus  infection  as  the  rabbit  and  mouse,  it  is  possible  to  have  races 
which  are  highly  virulent  for  one  with  little  virulence  for  the  other. 
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It  is  manifest,  therefore,  that  we  can  judge  only  very  imperfectly  of  the 
virulence  of  a  given  race  for  man  by  determining  its  virulence  for  a 
susceptible  animal,  such  as  the  mouse  or  rabbit.  Whether  in  the 
production  of  an  immune  serum  it  is  important  for  the  organisms 
employed  to  be  highly  virulent  or  not  is  not  known.  Neufeld  and 
his  associates7- 10  have  laid  stress  on  the  employment  of  virulent 
cultures,  believing  that  the  action  of  immune  serum  is  to  neutralize 
exactly  those  receptors  of  the  bacterium  upon  which  virulence  de- 
pends. They  state  that  they  have  proved  experimentally  that  im- 
munity cannot  be  produced  with  avirulent  races,  but  give  no  protocols. 
Races  virulent  for  mice  have  been  employed  in  all  our  immunizing 
studies  and  we  have  no  observations  concerning  immunization  with 
avirulent  races.  If  virulence  of  the  organism  used  as  antigen  is 
important,  what  we  have  just  stated  concerning  virulence  for  different 
species  of  animals  becomes  of  great  significance.  It  will  be  remem- 
bered that  mice  are  used  in  all  our  tests  of  immunity.  The  fact  that 
a  serum  is  protective  for  mice  would  indicate  that  it  had  been  pro- 
duced by  a  race  of  pneumococci  virulent  for  mice,  but  the  test  might 
give  us  little  information  relative  to  its  protective  power  for  man. 
We  have  therefore  come  to  believe,  on  these  purely  theoretical  grounds, 
that  the  immunization  of  horses  should  be  carried  on  with  organisms 
which  have  not  been  long  under  artificial  cultivation  since  their 
isolation  from  the  human  body.  These  organisms  are  practically 
always  virulent  for  mice,  so  that  where  they  are  employed,  the  test 
of  the  protective  power  of  the  serum  in  mice  is  probably  a  good  test 
for  protective  and  curative  power  in  man.  In  order  to  have  a  culture 
which  has  not  long  been  removed  from  the  human  body  always  ready 
for  use,  advantage  may  be  taken  of  an  observation  made  by  Heim16 
and  confirmed  by  Neufeld  and  Handel7  and  abundantly  corroborated 
by  us;  namely,  that  when  pneumococci  are  preserved  in  pieces  of  dried 
tissue  or  blood  they  remain  viable  for  a  very  long  time,  and  also 
retain  their  virulence  undiminished.  For  preserving  small  amounts 
of  culture  the  spleens  of  infected  mice,  dried  and  kept  in  a  vacuum, 
are  most  satisfactory.  For  preserving  large  amounts  of  culture  from 
human  patients,  it  is  well  to  inoculate  a  rabbit  with  blood  or  other 
infected  material.  After  infection  has  reached  a  maximum  grade, 
16  Heim,  L.,  Z.  Hyg.  u.  Infedionskrankh.,  1905,  1,  123. 
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the  rabbit  is  bled  and  the  blood  is  spread  in  thin  layers  in  Petri 
dishes  and  dried.  To  obtain  a  fresh  culture  at  any  time  all  that  is 
necessary  is  to  inoculate  a  little  of  this  dried  material  into  the  peri- 
toneal cavity  of  a  mouse  and  later  make  a  fresh  culture  from  the  heart's 
blood.  For  immunizing  purposes  a  fresh  culture  obtained  in  this 
way  should  be  prepared  every  1  or  2  weeks.  This  precaution  in  ob- 
taining cultures  should  be  taken  not  only  when  the  live  bacteria  are 
to  be  injected,  but  also  when  dead  organisms  are  to  be  employed. 

Method  of  Growing  Organisms  Used  for  Injection. — The  use  of 
bacteria  grown  in  broth  and  separated  by  centrifugalization  from  the 
medium  in  which  they  are  grown  was  first  employed  by  Neufeld17 
who  believed  that  the  substances  formed  in  the  medium  during  growth 
are  not  useful  but  indeed  harmful.  We  also  think  that  it  is  not  neces- 
sary to  use  the  fluid  in  which  the  bacteria  are  cultivated.  In  this 
belief  we  differ  from  Wadsworth18  whose  observations  apparently  show 
that  the  serum  produced  with  whole  cultures  is  more  effective  than 
that  produced  by  the  injection  of  the  bacteria  alone.  His  experiments, 
however,  are  not  entirely  conclusive  and  in  the  absence  of  any  method 
of  accurately  titrating  this  increased  efficacy,  it  does  not  seem  ad- 
visable to  employ  the  whole  culture.  Moreover,  the  injection  of  the 
whole  culture  adds  greatly  to  the  difficulty  of  the  immunizing  process. 
As  is  well  known,  even  fresh  bouillon  is  toxic  and  after  bacterial 
growth  has  taken  place  it  is  still  more  toxic.  In  using  whole  cultures, 
therefore,  one  is  much  restricted  as  to  the  amount  that  can  safely  be 
injected.  When  the  amount  of  culture  to  be  injected  reaches  a  large 
size,  the  technical  difficulties  and  time  required  in  centrifugalizing  the 
cultures  become  considerable.  We  have  attempted  to  overcome  these 
difficulties  by  growing  the  pneumococci  on  blood  glucose  agar  in 
flasks  and  washing  off  the  surface  growth  in  salt  solution,  using  the 
emulsion  so  obtained,  without  centrifugalizing.  For  certain  the- 
oretical reasons,  moreover,  we  thought  this  method  might  be  of 
advantage.  In  our  experience,  however,  the  method  of  growing  in 
bouillon  and  centrifugalizing  still  proves  the  most  satisfactory.  In 
our  earlier  work  the  organisms  were  obtained  by  growing  in  broth, 

17  Neufeld,  F.,  Z.  Hyg.  u.  Infedionskrankh.,  1902,  xl,  54. 

18  Wadsworth,  A.  B.,  /.  Exp.  Med.,  1912,  xvi,  78. 
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centrifugalizing,  and  washing  once  in  salt  solution,  and  then  re- 
suspending  in  salt  solution.  In  our  later  work,  however,  we  have  not 
thought  it  necessary  to  wash,  but  have  merely  centrifugalized  and 
then  made  an  emulsion  of  the  sediment  in  salt  solution. 

For  obtaining  a  satisfactory  growth  in  bouillon  the  reaction  of  the 
medium  is  of  great  importance.  Pneumococci  grow  best  in  a  medium 
the  reaction  of  which  is  0.3  to  0.5  per  cent  acid  to  phenolphthalein.  If 
the  reaction  is  more  acid  than  this,  a  satisfactory  growth  may  not  be 
obtained.  We  have  added  no  sugar,  serum,  or  other  enriching  sub- 
stance to  the  medium  employed. 

Size  and  Spacing  of  Doses. 

In  our  first  studies  we  employed  the  method  which  has  been  largely 
employed  by  others,  making  the  injections  every  7  to  8  days.  This  is 
the  method  generally  employed  in  immunization  and  has  developed 
from  the  observation  that  the  most  efficient  stimulus  can  be  applied 
at  the  time  when  the  immunological  response  to  the  preceding  dose 
is  most  active.  Grades  of  high  immunity  have  been  thought  to 
increase  in  a  step-like  manner,  each  increment  being  added  to  that 
previously  present.  It  is  again  not  certain,  however,  that  anti- 
pneumococcus  immunity  obeys  the  same  laws  as  other  forms  of 
immunity  in  which  this  step-like  rise  occurs.  Certain  of  our  observa- 
tions to  be  mentioned  later  indicate  that  even  when  the  injections 
are  made  at  the  period  of  greatest  activity,  instead  of  a  rise  in  the 
immunity,  there  may  be  a  fall,  especially  if  the  dosage  is  too  large. 
After  a  primary  immunity  had  been  obtained  by  weekly  injections 
of  dead  cultures,  live  organisms  were  injected,  beginning  with  small 
doses,  i.e.,  the  bacteria  from  2  to  5  cc.  of  bouillon  culture,  and  the 
succeeding  weekly  injections  were  gradually  increased  in  size  up  to 
the  bacteria  contained  in  1  or  even  2  liters  of  culture.  Neufeld  speaks 
of  injecting  doses  of  living  pneumococci  as  large  as  the  bacteria  ob- 
tained from  1,500  cc.  of  culture  in  the  horse,  and  from  3,500  cc.  in 
the  ass.  He  injected  doses  of  dead  organisms  as  large  as  the  bac- 
teria contained  in  9  liters  of  culture.  In  our  experience  this  method 
of  immunization  is  attended  with  many  disadvantages.  It  has  re- 
quired 6  to  8  months  to  bring  horses  up  to  the  desired  grade  of 
immunity.     That  these  very  large  doses  are  not  necessary  is  shown 
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by  the  following  protocol  of  a  horse  in  which  the  attempt  was  made 
to  produce  an  effective  serum  by  using  only  small  doses  of  culture 
(Table  I). 


TABLE   I. 


Horse  1.  Immunized  to  Pneumococcas  Type  I. 


Date. 


1916 

Feb. 

2 

(i 

4 

" 

11 

a 

18 

a 

26 

Mar. 

3 

a 

11 

u 

19 

it 

29 

Apr. 

3 

tt 

15 

u 

22 

tt 

22 

Maj 

7 

Injection. 


3,250  units  of  tetanus  antitoxin  subcutaneously. 
Bacteria  from    25  cc.  of  culture,  killed  by  heating. 

tt  it         -r\  tt     <<  it  u         u  « 

tt  tt         jz  it    tt  tt  <<         <<  it 

it  tt       1  qa  ((     It  u  ft         (i  a 

"        living,  from    2.5  cc.  of  culture. 
tt       5  0  u 

"  "         "      10.0  " 

"  "         "      20.0  " 

u     40  0  u 

tt  u      80_0  tt 


Bacteria,  living,  from  120  cc.  of  culture. 


Tests  of  serum. 


Agglutination:*  complete 
Protection:!  0.1    cc,  D.; 
0.01  cc.  S. 

Agglutination  :*  complete. 
Protection:!  0.1  cc,  S. 


*  These  tests  were  made  before  we  commenced  the  routine  accurate  titration 
of  the  agglutination  strength. 

f  In  the  protection  tests  each  of  the  mice  received  0.2  cc.  of  serum  simultane- 
ously with  a  graduated  dose  of  culture,  both  given  intraperitoneally.  The  figures 
given  indicate  the  amount  of  culture  added.  D.  indicates  died;  S.,  survived. 
For  brevity,  only  the  highest  dose  with  which  recovery'  took  place  is  given.  In 
all  cases  the  control  animals  receiving  0.000001  cc.  of  culture  alone  died. 


It  is  true  that  the  results  obtained  with  this  horse  were  unusually 
good,  better  than  any  we  have  since  been  able  to  obtain  with  a  similar 
method.  They  indicate,  however,  that  the  large  doses  which  we 
had  been  using  were  not  necessary,  that  equally  good  results  could  be 
obtained  with  much  smaller  amounts  of  culture. 
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Modification  and  Improvements  in  the  Methods  of  Immunization. 

Over  a  year  ago  we  undertook  experiments  to  determine  whether 
or  not  animals  could  be  immunized  more  rapidly  than  had  been  done 
in  the  past,  and  also  whether  it  might  not  be  possible  to  obtain  a  higher 
grade  of  immunity  than  we  had  previously  observed,  and  finally  to 
determine  for  ourselves  whether  the  use  of  living  organisms  is  neces- 
sary in  producing  humoral  immunity. 

To  determine  the  best  methods  of  immunization  a  large  number  of 
rabbits  was  immunized  in  various  ways  and  the  development  of 
immunity  studied.  Certain  observations  which  had  been  made 
indicated  that  the  process  might  be  hastened  by  more  frequent 
injections  of  antigen  than  had  previously  been  used. 

In  1900  Dean19  showed  that  in  the  production  of  diphtheria  antitoxic  immunity 
the  administration  of  the  toxin  at  3  day  intervals  gave  very  successful  and  practical 
results.  Daily  doses  of  antitoxin  have  been  administered  with  good  results  when 
other  methods  have  failed.20  In  1908  Fornet  and  Miiller21  showed  that  pre- 
cipitating sera  could  be  produced  very  rapidly  by  three  daily  injections  of  antigen, 
bleeding  on  the  12th  day.  Bonhoff  and  Tsuzuki22  confirmed  these  observations 
and  Tsuzuki23  showed  that  by  a  similar  method  a  rapid  production  of  typhoid- 
agglutinating  serum  could  be  produced.  Similar  observations  have  been  made 
by  Gay  and  his  assistants.24 

Flexner  and  Amoss25  have  employed  a  similar  method  in  the  production  of 
antidysenteric  serum,  injecting  live  cultures  on  3  successive  days,  with  excellent 
results.  In  the  same  way  the  method  of  three  daily  injections  has  been  em- 
ployed by  Amoss  and  Wollstein26  in  the  production  of  antimeningococcic  serum. 

In  the  production  of  antidysenteric  and  antimeningococcic  serum 
stress  has  been  laid  on  regulating  the  size  of  the  dose  so  that,  follow- 
ing each  inoculation,  a  febrile  reaction  shall  be  obtained.  It  occurred 
to  us  that  the  choice  of  three  daily  doses  had  been  made  more  or 

19  Dean,  G.,  Tr.  Path.  Soc.  London,  1900,  li,  15. 

20  Personal  communication  from  Dr.  Theobald  Smith. 

21  Fornet,  W.,  and  Miiller,  M.,  Z.  biol.  Techn.  u.  Method.,  1908-09,  i,  201. 

22  Bonhoff,  H.,  and  Tsuzuki,  M.,  Z.  Immunitatsforsch.,  Orig.,  1909-10,  iv,  180. 

23  Tsuzuki,  M.,  Z.  Immunitatsforsch.,  Orig.,  1909-10,  iv,  194. 

24  Gay,  F.  ~P.,Ergebn.  Immunitatsforsch.  cxp.  Therap.,  Baktcriol.  u.  Hyg.,  1914,  i, 
231. 

25  Flexner,  S.,  and  Amoss,  H.  L.,  /.  Exp.  Med.,  1915,  xxi,  515. 

26  Amoss,  H.  L.,  and  Wollstein,  M.,  /.  Exp.  Med.,  1916,  xxiii,  403. 
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less  arbitrarily  and  that  possibly  daily  doses  administered  over  a 
longer  time  might  be  still  more  efficacious  in  producing  a  satisfactory 
result,  especially  since  this  method  had  proved  of  value  in  the  pro- 
duction of  diphtheria  antitoxin.  That  this  method  is  indeed  of  much 
value  is  seen  from  the  results  of  the  experiments  given  below.  The 
experiments  need  not  be  described  here  in  detail.  Certain  slight 
variations  due  to  external  causes  were  made  in  individual  instances, 
but  most  of  the  animals  were  treated  about  as  follows. 

Series  1. — These  animals  received  weekly  intravenous  injections  of  large  amounts 
of  bacteria  obtained  by  centrifugalization  of  broth  cultures,  which  were  then 
killed  by  heating  for  1  hour  at  56°C.  The  size  of  the  doses  varied  from  the 
bacteria  contained  in  100  cc.  of  broth  to  those  contained  in  500  cc. 

Series  2. — These  animals  received  intravenous  injections  of  very  small  amounts 
of  bacteria  killed  by  heat  as  in  the  above  experiment;  the  doses  were  given  daily 
for  7  days,  then  an  interval  of  7  days  was  allowed  to  elapse,  and  a  second  series  of 
injections  was  given,  etc.  The  bacteria  in  the  individual  doses  varied  from  those 
contained  in  1  cc.  of  broth  to  those  contained  in  2  cc. 

Series  3. — These  animals  received  combined  doses  of  immune  horse  serum  and 
living  cultures  intravenously,  beginning  with  1  cc.  of  serum  plus  0.1  to  0.5  cc.  of 
culture.  This  dose  was  repeated  every  day  for  3  days,  then  7  days  were  allowed 
to  elapse,  and  a  second  series  of  these  combined  doses  was  given,  this  time  using 
slightly  larger  doses  of  culture.  After  an  interval  of  another  week,  combined 
doses  using  still  larger  amounts  of  culture  were  given,  etc. 

Series  4. — These  animals  received  varying  sized  doses  of  pneumococci  killed 
by  the  addition  of  0.5  per  cent  carbolic  acid.  The  bacteria  were  centrifugalized 
from  broth  cultures,  taken  up  in  salt  solution,  the  carbolic  acid  was  added,  and 
the  mixture  kept  at  37°C.  over  night.  As  in  the  preceding  series,  the  injections 
were  given  intravenously  on  3  successive  days,  then  an  interval  of  a  week  was 
allowed  to  elapse,  and  the  second  series  given.  The  number  of  bacteria  in  tbe  in- 
dividual doses  varied  from  those  contained  in  2  cc.  of  broth  to  those  in  50  cc.  of 
broth.     Some  animals  received  large  weekly  doses  subcutaneously. 

Series  5. — These  animals  received  injections  of  an  antigen  prepared  as  follows. 
The  bacteria  were  grown  in  broth,  centrifugalized,  washed,  and  taken  up  in  a 
very  small  amount  of  salt  solution,  and  this  emulsion  was  added  to  a  large  amount 
of  acetone.  The  sediment  which  formed  was  centrifugalized  at  once,  dried  in  a 
vacuum,  and  after  12  hours  in  the  vacuum,  taken  up  in  salt  solution  and  thoroughly 
shaken.  From  this  somewhat  viscid  translucent  fluid  further  dilutions  in  salt 
solution  were  made.  The  injections  in  these  rabbits  were  made  once  a  week, 
and  the  doses  varied  from  an  amount  of  antigen  representing  the  bacteria  con- 
tained in  5  cc.  of  broth  to  one  representing  the  bacteria  contained  in  220  cc.  of 
broth.     The  small  doses  were  given  intravenously,  the  larger  ones  subcutaneously. 
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In  addition  to  the  above,  a  small  series  of  rabbits  received  injections 
of  antigen  prepared  by  freezing  and  grinding  the  bacteria,  and  another 
small  series  received  injections  of  bacteria  dissolved  in  bile. 

In  studies  such  as  these  it  must  be  borne  in  mind  that  individual 
rabbits  immunized  in  exactly  the  same  way  may  show  quite  marked 
variations  in  their  immunity  response.  Slight  differences,  therefore, 
in  results  obtained  in  small  series  of  animals  are  not  of  significance. 

It  would  lead  us  too  far  to  attempt  to  analyze  in  detail  the  results 
in  the  various  tests  or  to  publish  the  protocols.  One  definite  fact 
stands  out  from  these  studies.  Uniformly  the  results  following  the 
injection  of  small  doses  of  killed  culture  given  daily  over  a  period  of 
7  days  followed  by  7  days  of  rest  were  excellent  (Series  2).  This  is 
in  marked  contrast  to  the  results  obtained  by  the  injection  of  large 
doses  of  killed  cultures  given  at  intervals  of  a  week  (Series  1).  Serum 
from  these  animals  showed  little  or  no  evidence  of  immunity.  This  is 
strikingly  shown  in  Table  II. 

TABLE   H. 


Date. 


Day.         Weight 


Injection. 


Agglutination 
tests. 


Protection 
tests. 


Rabbit  1. 


1916 

gm. 

May  27 

i 

7  day  in- 
terval. 

1,670 

June    4 

9 

9  day  in- 
terval. 

1,400 

"     14 

19 

9  day  in- 
terval. 

1,300 

a      24 

29 

6  day  in- 
terval. 

1,270 

July     1 

36 

1,150 

Bacteria  from  250  cc.  of  culture, 
killed  by  heating. 


Bacteria  from  250  cc.  of  culture, 
killed  by  heating. 


Bacteria  from  250  cc.  of  culture, 
killed  by  heating. 


Bacteria  from  250  cc.  of  culture, 
killed  by  heating. 


Undiluted,  0 


0.001  cc,  D. 
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TABLE  II — Continued. 


Day. 


Weight, 


Injecti  n. 


Agglutination 
tests. 


Protection 
tests. 


Rabbit  2. 


1916 

May  28 

1 

"      29 

2 

"     30 

3 

"      31 

4 

June     1 

5 

"       2 

6 

7  day  in- 

terval. 

June  10 

14 

"      11 

15 

""      12 

16 

"      13 

17 

«      14 

18 

"      15 

19 

7  day  in- 

terval. 

June  23 

27 

"     24 

28 

"     25 

29 

"     26 

30 

«     27 

31 

8  day  in- 

terval. 

July     6 

40 

gm. 

1,520 


1,650 


1,180 


1,100 


Bacteria  from  1  cc.  of  culture, 

killed  by  heating. 
Bacteria  from  1  cc.  of  culture, 

killed  by  heating. 
Bacteria  from  1  cc.  of  culture, 

killed  by  heating. 
Bacteria  from  1  cc.  of  culture, 

killed  by  heating. 
Bacteria  from  1  cc.  of  culture, 

killed  by  heating. 
Bacteria  from  1  cc.  of  culture, 

killed  by  heating. 


Bacteria 

killed 
Bacteria 

killed 
Bacteria 

killed 
Bacteria 

killed 
Bacteria 

killed 
Bacteria 

killed 


from  1  cc. 
by  heating. 

from  1  cc. 
by  heating. 

from  1  cc. 
by  heating. 

from  1  cc. 
by  heating. 

from  1  cc. 
by  heating. 

from  1  cc. 
by  heating. 


of  culture, 
of  culture, 
of  culture, 
of  culture, 
of  culture, 
of  culture, 


Bacteria  from  1  cc.  of  culture, 

killed  by  heating. 
Bacteria  from  1  cc.  of  culture, 

killed  by  heating. 
Bacteria  from  1  cc.  of  culture, 

killed  by  heating. 
Bacteria  from  1   cc.  of  culture, 

killed  by  heating. 
Bacteria  from  1  cc.  of  culture, 

killed  by  heating. 


1:200  + 
1 :  400  0 


0.2cc.,D 
O.lcc.  S. 
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As  the  protocols  show  the  serum  of  Rabbit  1  injected  weekly  with 
large  doses  of  culture  showed  no  agglutinating  power  and  only  moder- 
ate protective  action.  On  the  other  hand,  the  serum  of  Rabbit  2 
which  was  treated  over  practically  the  same  period  of  time  but 
received  very  small  daily  doses  showed  high  agglutinating  strength, 
positive  in  a  dilution  of  1 :  200,  and  high  protective  power.  These 
results  were  most  surprising  and  striking,  especially  as  all  of  the 
eight  rabbits  inoculated  with  the  small  daily  doses  showed  an  extra- 
ordinarily prompt  and  active  response,  while  all  of  the  eight  rabbits 
inoculated  with  the  large  doses  showed  very  little  or  no  response  in 
the  same  period  of  time. 

The  studies  of  other  methods  of  immunization  gave  little  in- 
formation. The  attempts  to  produce  immunity  with  combined  doses 
of  serum  and  culture  (Series  3)  gave  unsatisfactory  results.  The 
experiments  of  this  series  were  undertaken  because  by  this  method 
live  cultures  could  be  injected  at  the  very  beginning  of  the  im- 
munization. Moreover,  Theobald  Smith27  and  von  Behring28  have 
shown  the  possibility  of  immunizing  with  combined  doses  of 
toxin  and  antitoxin.  Besredka29  and  others  have  shown  the  pos- 
sibility of  immunizing  against  typhoid  with  sensitized  cultures. 
Levy  and  Aoki30  claim  to  have  produced  immunity  to  pneumococci 
with  great  rapidity  (in  6  hours)  by  the  injection  of  sensitized  bacteria 
killed  with  carbolic  acid.  However,  in  view  of  what  is  now  known 
concerning  possible  dissociation  of  pneumococcus  antigen  and  anti- 
body (Gay  and  Chickering31),  it  is  possible  that  what  the  latter  writers 
observed  was  not  active  immunity  but  slight  grades  of  passive  im- 
munity. In  any  case,  the  grade  of  immunity  produced  was  slight. 
Our  experiments  yielded  no  evidence  in  favor  of  the  combined  injec- 
tion of  culture  and  immune  serum.  Nevertheless,  it  is  possible  that 
other  modifications  of  the  method  might  yield  better  results,  especially 
as  we  made  no  effort  to  balance  accurately  the  amounts  of  culture 
and  immune  serum  employed. 

27  Smith,  Theobald,  /.  Med.  Research,  1907,  xvi,  359. 

21  von  Behring,  E.,  Deutsch.  vied.  Woch.,  1913,  xxxix   873. 

29  Besredka,  cited  by  Gay.w 

80  Levy,  E.,  and  Aoki,  K.,  Z.  Immunitdtsforsch.,  Orig.,  1910,  vii,  435. 

11  Gay.  F.  P.,  and  Chickering,  H.  T.,  J.  Exp.  Med..  1915,  xxi,  389. 
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The  serum  of  the  rabbits  of  Series  4  inoculated  with  cultures  killed 
by  carbolic  acid  indicated  no  considerable  grade  of  immunity.  There 
is  apparently  no  advantage  to  be  gained  in  employing  antigen  pre- 
pared in  this  way.  Levy  and  Aoki,30  however,  have  reported  the  pro- 
duction of  immune  serum  in  dogs  by  the  use  of  this  method;  but 
the  grade  of  immunity,  according  to  our  standards,  was  slight. 

Finally,  the  experiments  in  Series  5  and  those  in  which  frozen  and 
ground  bacteria  and  bacteria  dissolved  in  bile  were  employed  simply 
offer  observations  in  the  use  of  bacterial  antigenic  substances  pro- 
duced in  other  ways. 

Neufeld32  and  Vetrano33  have  also  employed  bile  extracts  of  pneumococci  for 
immunizing  purposes,  only,  however,  in  the  production  of  active  immunity. 
Others  have  employed  still  other  artificial  methods  of  treating  the  bacteria. 
G.  and  F.  Klemperer3  used  glycerol  extracts  and  Wadsworth18  attempted  immuni- 
zation with  cultures  precipitated  with  alcohol  and  dissolved  in  water. 

These  and  our  own  observations  with  artificially  produced  antigens 
show  that  slight  grades  of  immunity  can  be  produced  by  antigens  pre- 
pared by  various  methods.  The  antigenic  substance  seems  to  be 
highly  resistant.  However,  neither  the  observations  of  others  nor  our 
own  indicate  that  these  methods  are  especially  useful  in  extracting  the 
antigenic  substance  or  in  rendering  it  more  effective.  Indeed  in  all 
instances  the  immunity  reaction  resulting  from  the  employment  of 
antigens  prepared  in  these  ways  was  less  intense  than  that  following 
the  injection  of  heat-killed  bacteria.  One  fact  emerges  from  these 
experiments,  however,  though  in  a  less  striking  way  than  from  the 
observations  previously  mentioned ;  namely,  that  small  doses  repeated 
frequently  are  much  more  effective  than  large  doses  given  at  longer 
intervals.  The  very  large  doses  seem  to  have  a  definite  repressing 
action  on  the  development  of  antibodies. 

These  observations  led  us  to  immunize  a  series  of  four  rabbits  with 
small  daily  doses  to  determine  the  exact  time  of  appearance  of  the 
immune  properties  in  the  serum.  Table  III  is  a  typical  protocol  of 
one  of  the  rabbits. 

32  Neufeld,  Z.  Hyg.  u.  Infectionskrankh.,  1900,  xxxiv,  454. 

33  Vetrano,  G.,  Centr.  Bakteriol.,  lie  AbL,  Orig.,  1909,  lii,  275. 


TABLE   111. 
Rabbit  3. 


Date. 

Weight. 

Injection  of 
vaccine. 

Agglutination 
tests. 

Protection  tests. 

1916 

gm. 

cc. 

May  29 

1,950 

0 

0.0001     cc.,D.  36hrs. 
0.00001     "     "   36   " 
0.000001  "    "   36   " 

"     29 

1,950 

i* 

"     30 

"     31 

1,900 

June    1 

"       2 

"       3 

"       9 

1,910 

1:1     +  + 
1:  10      0 

0.1       cc,  D.  16hrs. 
0.01       "    "    79    " 
0.001     "    S. 
0.0001  "    " 

"      11 

"      12 

"      13 

1,900 

"      14 

"      15 

1,750 

• 

"      16 

"     23 

1:1     +  + 

0.1      cc,  S. 

« 

1:10++ 

1:20    + 

0  01     "    " 
0.001    "    " 

"     24 

"     25 

1,750 

"     26 

"     27 

1,900 

"     28 

"     29 

1,850 

July     5 

1,950 

"       7 

1:100+  + 
1:200    + 
1:400     0 

0.2  cc.,  D.  20hrs. 
0.1  "     S. 
0.01"     " 

*  In  these  experiments  the  material  for  injection  was  prepared  at  the  beginning 
of  the  experiment  and  kept  on  ice.  150  cc.  of  an  18  hour  broth  culture  of  Pneu- 
mococcus  Type  I  was  centrifugalized  and  the  sediment  washed  once  in  sal  solu- 
tion. The  sediment  was  taken  up  in  10  cc.  of  salt  solution  and  heated  J  hour 
at  56°C.  Cultures  were  sterile.  The  emulsion  was  kept  on  ice  and,  after  shak- 
ing, a  small  amount  was  removed  and  diluted  to  original  volume  before  each 
injection.     The  injections  were  made  intravenously. 

457 


458 


PRODUCTION   OF   ANTIPNEUMOCOCCIC   SERUM 


The  experiment  shows  that  it  is  possible  by  this  method  of  immuni- 
zation to  produce  a  high  grade  of  immunity  within  6  weeks;  even 
within  4  weeks  a  considerable  grade  of  immunity  is  present.  The 
serum  from  each  of  the  four  rabbits  showed  a  high  agglutinating 
titer  and  a  constant  protective  power  against  0.01  to  0.1  cc.  of 
culture.  Two  of  the  rabbits  lost  slightly  in  weight,  one  remained  sta- 
tionary, and  one  actually  gained.     They  showed  no  other  ill  effects. 

Experiments  have  also  been  made  to  show  whether  similar  or  better 
results  could  be  obtained  by  injecting  animals  daily  with  small  doses 
over  longer  periods  than  7  days.  Four  rabbits  were  given  small 
daily  doses  for  14  days  and  then  bled  and  the  serum  was  tested  on  the 
5th  and  10th  days  following  the  last  injection.     The  serum  of  these 


TABLE   IV. 
Horse  2.  Immunized  to  Pneumococciis  Type  I. 


Date 

Injection. 

Agglutination 
test. 

Protection  tests. 

1916 

Jan.    27 

1,500  units  of  tetanus  antitoxin  subcutaneously. 

"      29 

Bacteria  from  50  cc.  of  culture,  killed  by  heating. 

"     30 

"     50  "  "       "          "       "       " 

"     31 

"     50  "   "       "          "       " 

Feb.     1 

"     50   "   "       "          "       "        " 

"        2 

"          "     50  "   "       "          "       "       " 

"       3 

a              «       z,f\    tt    a          <(              tt          <<          a 

"      10 

"     50  "  "       "          "       "       " 

"      11 

"     50  "   "       "          "       "       " 

"      12 

"          "     50  "   "       "          "       "       " 

"      13 

"          "     50   "   "       "          "       "       " 

"      14 

a             «      5Q    u    «          «             u         tt         u 

"     15 

"             "      50    "    "         "             "         "          " 

"     23 

"          "     50  "   "       "          "       »       " 

"     24 

"          "     50  "  "       "          "       "       " 

"     25 

"     50  "  "       "          "       " 

"     26 

"          "     50  "  "       "          "       "'      " 

"     27 

"          "     50  "  "       "          "       "       " 

"     28 

«          "     50  "  "       "          "       "       " 

Mar.    8 

1 :  200  -f 

0.1  cc,  S. 
0.1    "    D. 
0.01"    S. 
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animals  has  shown  very  slight  agglutinating  and  protective  power,  so 
that  this  modification  seems  to  be  of  no  advantage. 

The  results  of  the  rabbit  experiments  have  led  us  to  try  the  method 
of  immunization  described  above  in  horses.  The  result  obtained  in 
one  horse  treated  in  this  manner  is  given  in  Table  IV. 

The  results  in  this  and  other  horses  have  shown  that  it  is  possible 
in  this  way  to  produce  a  very  high  grade  of  primary  immunity  with  a 
great  saving  in  time  and  without  danger  to  the  animal.  The  dosage 
has  been  arbitrarily  chosen.  It  is  possible  that  with  further  experi- 
ence and  more  carefully  regulated  dosage  it  may  be  possible  to  produce 
even  higher  grades  of  immunity  in  this  way.  It  may  even  be  possible 
by  this  method  to  obviate  entirely  the  use  of  live  cultures. 

What  has  been  attempted  so  far,  however,  has  been  the  production 
of  a  primary  immunity  in  the  quickest  possible  time  and  with  the 
least  loss  in  horses. 


TABLE   V. 

Horse  2,  Undergoing  Immunization  Since  January  29,  1916.     Last  B'eeding,  11 
Liters,  on  May  15,  1917. 


Date. 

Injection. 

Protection  tests. 

1917 

May  26 

Bacteria  from  100  cc. 

of  culture, 

killed  by  heating. 

"      27 

tt           it 

100  " 

a 

a 

a        a        a 

"     28 

a            a 

100  " 

a 

a 

n        a        tt 

"     29 

((             u 

100  " 

ti 

tt 

ti        n        n 

"     30 

tt           a 

100  " 

tt 

it 

n           a           a 

June     1 

11             it 

100  " 

it 

tt 

tt           tt           tt 

"       9 

U              It 

100  " 

a 

it 

tt           tt           a 

"      11 

ti           11 

100  " 

it 

tt 

tt           it           tt 

"      14 

li           It 

100  " 

It 

ti 

tt           a           tt 

"      15 

it          It 

100  " 

a 

it 

a           it           n 

"      16 

it         if 

100  " 

a 

ti 

tt           it           n 

"     17 

it           it 

100  " 

ti 

a 

a           tt           tt 

June  25 

Blood  test. 

O.Olcc.D. 

July     6 

Bacteria,  liv 

ng,  from  100 

CC. 

of 

culture. 

"       7 

tt           a 

<« 

130 

tt 

a 

a 

"       8 

a           it 

(« 

160 

tt 

tt 

tt 

"      13 

Blood  test. 

0.2  cc,  S. 
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The  problem  now  confronting  us  is  to  determine  the  method  by 
which  horses  having  an  established  primary  immunity  may  be  brought 
up  to  the  highest  possible  level  and  kept  there.  In  order  to  do  this, 
when  dead  cultures  have  failed,  it  may  be  necessary  to  resort  to  living 
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Text-Fig.  1.  Temperature  curve  of  Horse  3  injected  with  living  Pneumococcu5 
Type  I. 


cultures.     An  observation  on  one  of  our  horses  makes  this  probable 
(Table  V). 

In  this  horse,  whereas  repeated  small  daily  doses  of  killed  culture 
failed  to  bring  the  serum  up  to  full  strength,  three  moderate  sized 
doses  of  living  culture  caused  the  serum  to  acquire  maximum  power. 
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This  result  has  been  seen  on  numerous  occasions  and  it  is  probable 
that  in  most  horses  living  cultures  must  finally  be  employed.  When 
injections  of  living  cultures  are  made  we  now  employ  the  method 
described  by  Flexner  and  Amoss,25  administering  three  doses  in 
amounts  sufficient  to  produce  a  moderate  febrile  reaction.  A  typical 
curve  is  shown  in  Text-fig.  1.  So  far  as  pneumococcus  immunity, 
however,  is  concerned,  the  necessity  for  producing  febrile  reactions 
is  not  established.  Xeufeld  believed  that  so  far  as  agglutinating 
sera  are  concerned  the  power  depends  not  so  much  on  the  height  of 
the  immunity  as  on  the  intensity  of  the  last  reaction  through  which 
the  animal  had  passed.  Therefore  he  thought  it  advisable  to  inject 
as  large  amounts  as  possible  without  killing  the  animal.  The  obser- 
vations we  have  made  do  not  support  this  point  of  view.  In  our 
experience  with  horses  a  violent  reaction  is  not  always  followed  by  a 
marked  immunity  response  or  increase  in  agglutinating  power  of  the 
serum;  indeed  the  opposite  is  frequently  the  case.  For  the  present, 
however,  in  giving  live  cultures  it  is  probably  better  to  be  guided  in 
the  size  of  the  dose  by  the  febrile  reactions.  We  think,  however, 
that  large  doses  should  be  avoided  even  though  the  febrile  reaction 
is  slight. 

Typical  Method  of  Immunization  Based  on  Previous  Observations. 

As  a  result  of  our  observations  and  those  of  others  we  now  believe 
that  immunization  should  be  carried  out  according  to  the  method 
as  at  present  employed  by  us,  which  is  briefly  given  below. 

Having  obtained  a  sound,  fairly  heavy  horse,  it  is  first  given  a  glanders  test. 
At  present  the  complement  fixation  test  is  used  for  this  purpose.  A  specimen 
of  20  cc.  or  more  of  blood  is  obtained  before  any  treatment  is  given  and  is  kept 
for  use  in  control  tests.  The  immunization  is  then  carried  out  as  follows.  All 
injections  are  made  intravenously,  employing  for  this  purpose  a  Luer  syringe. 
To  avoid  any  accidental  injury  to  the  vein  it  is  well  to  have  the  needle  attached 
to  the  syringe  with  a  small  piece  of  rubber  tubing.  The  culture  used  for  injec- 
tion, whether  living  or  dead,  should  be  one  highly  virulent  for  mice,  0.000001  cc. 
killing  regularly,  and  it  should  have  gone  through  very  few  passages  in  animals 
or  on  artificial  media  since  removal  from  the  human  patient.  The  method  for 
keeping  the  cultures  is  described  above  (page  447).  In  preparfng  the  material 
for  injection,  both  living  and  dead,  the  organisms  are  grown  on  beef  peptone 
broth,  reaction  0.3  to  0.5  per  cent  acid  to  phenolphthalcin.     Cultures  about  12 
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to  15  hours  old  are  preferable  as  at  this  time  maximum  growth  is  present,  with 
a  minimum  of  autolysis  (Chesney")-  The  cultures  should  contain  about  200  to 
300  million  bacteria  per  cc.  The  culture  is  centrifugalized  until  the  supernatant 
fluid  is  clear.  With  the  large  centrifuge  employed  by  us  this  requires  'about 
20  to  30  minutes.  The  supernatant  fluid  is  then  poured  off  and  the  sediment  is 
taken  up  in  a  small  amount  of  sterile  salt  solution. 

If  the  organisms  are  to  be  injected  alive,  the  emulsion  in  salt  solution  is  not 
made  until  just  before  injection,  so  that  autolysis  and  death  may  not  take  place. 
If  the  organisms  are  to  be  injected  dead,  the  emulsion  is  placed  in  a  tube  in  a 
water  bath  and  kept  at  56°C.  for  £  hour.  For  the  daily  injections  a  considerable 
amount  of  the  emulsion,  after  killing,  is  prepared  and  kept  on  ice.  This  may  be 
employed  for  all  the  injections  in  the  series  of  6  to  7  days.  We  think,  however, 
a  fresh  emulsion  should  be  prepared  each  week.  For  each  injection  the  dilution 
of  the  fluid  should  be  such  that  the  volume  injected  is  abou    20  cc. 

The  following  course  of  injections  is  no\y  carried  out.  Every  day  for  6  days 
an  amount  of  the  emulsion  of  killed  pneumococci  containing  the  bacteria  from 
5C  cc.  of  the  bouillon  culture  is  injected.  An  interval  of  7  days  is  allowed  to  elapse 
and  then  a  second  series  of  daily  injections,  of  the  same  size,  is  made.  Again  an 
interval  is  allowed  to  elapse  and  on  the  6th  day  a  specimen  of  blood  is  obtained 
for  testing  Tests  are  made  at  once  for  agglutinating  and  protective  power. 
This  requires  several  days. 

If  the  serum  causes  agglutination  in  a  dilution  of  1:200  and  is  of  standard 
protective  value,  0.2  cc.  regularly  protecting  a  mouse  against  0.1  cc.  of  a  virulent 
culture,  bleeding  may  be  carried  out  at  once;  that  is,  on  the  10th  to  12th  day 
following  the  last  injection.  As  a  matter  of  fact,  we  have  never  seen  the  titer  of 
the  serum  after  this  amount  of  treatment  to  be  so  high.  Consequently  it  has  been 
our  practice,  and  we  advise,  that  8  to  10  days  after  the  last  injection  of  the  second 
series  of  dead  bacteria,  injection  of  live  organisms  be  commenced.  These  injec- 
tions are  given  on  successive  days.  The  first  injection  should  consist  of  the  bac- 
teria contained  n  20  cc.  of  the  original  culture.  The  temperature  is  taken  every  2 
hours  for  8  to  10  hours  following  each  of  the  injection^  of  live  cultures.  If  the 
temperature  reaction  is  only  moderate,  not  over  40.5 °C,  an  injection  of  the  bac- 
teria from  40  cc.  of  culture  is  given  on  the  following  day.  If  the  reaction  from  this 
is  only  moderate,  the  dose  is  again  doubled  on  the  following  day  and  the  bacteria 
from  80  cc.  of  culture  are  injected.  As  before  stated,  so  far  as  pneumococci 
are  concerned  it  is  difficult  to  regulate  the  dosage  entirely  by  the  febrile  reaction 
obtained.  If  the  reaction  is  very  severe,  of  course  the  dose  is  made  smaller  than 
those  mentioned.  On  the  other  hand,  even  though  the  reaction  is  very  slight,  we 
do  not  advise  giving  more  than  the  amounts  stated.  6  days  after  the  last  in- 
jection another  specimen  of  blood  is  obtained  for  testing.  If  the  serum  is  of  the 
standard  strength,  bleeding  can  now  be  done.     If  it  is  still  too  weak,  a  second 

3i  Chesney,  A.M.,  J.  Exp.  Med.,  1916,  xxiv,  387. 
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series  of  injections  of  living  bacteria  is  made.  These  injections  should  consist 
of  the  bacteria  from  100  cc,  150  cc,  and  200  cc.  of  broth  on  the  3  days  respectively. 
Again,  the  size  of  the  doses  may  need  to  be  somewhat  modified,  on  account  of 
the  severity  or  lack  of  febrile  reaction.  Certain  horses  may  require  still  fur- 
ther injections  of  live  cultures  but  this  is  exceptional.  In  any  case,  we  think  the 
injections  should  be  made  in  series  of  three,  given  on  successive  days,  with  7 
day  intervals  between  each  series,  and  from  our  present  standpoint  we  believe 
that  the  size  of  the  injection  should  never  be  greater  than  the  bacteria  from 
300  to  400  cc.  of  broth.  Following  the  bleeding,  it  is  well  to  allow  the  horse 
to  remain  quiet  for  3  or  4  days.  Then  a  series  of  three  injections  of  living  cul- 
tures, 50,  80,  and  100  cc,  is  again  given.  After  a  week  the  serum  is  again" 
tested  and  if  of  standard  strength  bleeding  may  again  be  done  on  the  10th  day 
following  the  last  injection. 

CONCLUSIONS. 

In  the  production  of  immune  serum  for  therapeutic  purposes  strict 
attention  must  be  paid  to  the  immunological  specificity  of  the  bacteria 
used  for  immunization.  At  present  the  only  serum  of  which  the 
therapeutic  value  has  been  proven  is  that  effective  against  Type  I 
pneumococcus  infection.  This  serum  should  have "  agglutinating 
power  for  Type  I  pneumococcus  and  should  have  the  power  of 
protecting  mice  against  large  amounts  of  virulent  culture.  Experi- 
ments have  shown  that  for  producing  the  primary  immunity  most  rap- 
idly several  series  of  small  doses  of  dead  cultures  should  be  given,  the 
injections  being  made  daily  for  6  to  7  days,  followed  by  a  week  in  which 
no  injections  are  made.  To  produce  the  highest  type  of  immunity  prob- 
ably living  organisms  are  required.  These  should  be  given  in  moderate 
doses  daily  for  3  days,  with  an  interval  of  a  week  between  each  series 
of  injections.  By  following  accurately  the  methods  described,  horses 
may  be  made  to  produce  rapidly  a  high  grade  of  specific  serum. 
The  observations  so  far  made  indicate  the  importance  of  employing 
small  doses  of  culture  frequently  repeated  in  this  form  of  immunization. 


[Reprinted  from  The  Journal  of  Experimental  Medicine,  October  1,  1917,  Vol.  xxvi, 

Xo.  4,  pp.  563-580.] 


STUDIES  ON  ANTIBLASTIC  IMMUNITY.* 

By  FRANCIS  G.  BLAKE,  M.D. 

{From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research,  New  York.) 

(Received  for  publication,  June  1,  1917.) 

The  following  studies  were  undertaken  with  the  purpose  of  throw- 
ing more  light,  if  possible,  on  the  influence  exerted  by  immune  serum 
on  the  metabolic  activities  of  bacteria.  It  has  been  shown  that 
under  certain  experimental  conditions  immune  serum  possesses  the 
property  of  inhibiting  or  markedly  retarding  the  metabolic  functions 
of  various  microorganisms.  Bacterial  metabolic  processes  are  gener- 
ally considered  to  be  en2ymotic  in  nature.  It  is  not  known  whether 
they  take  place  primarily  at  the  surface  of  the  bacterial  cell  or  within 
the  cell  body.  It  is  probable,  however,  that  exogenous  metabolism 
occurs  to  a  considerable  extent  in  preparing  nutrient  material  for 
absorption. 

Evidence  for  this  may  be  fouud  in  the  studies  by  Cole1  on  the  formation  of 
methemoglobin  by  the  pneumococcus.  The  property  of  immune  serum  which 
enables  it  to  inhibit  the  metabolic  activities  of  bacteria  is  considered  to  act  at  the 
surface  of  the  bacterial  cell  and  to  be  antienzymotic  in  nature.  The  term  anti- 
blastic  immunity  has  been  applied  as  descriptive  of  the  phenomenon. 

Von  Dungern2  has  shown  that  the  liquefaction  of  gelatin  by  Staphylococcus 
Pyogenes  aureus  is  inhibited  by  antistaphylococcus  immune  serum;  Gheorghiewsky3 
showed  that  immune  serum  inhibits  pigment  formation  by  B.  pyocyaneus;  and 
Ascoli4  considered  that  the  action  of  antianthrax  serum  was  in  part  dependent 
upon  the  inhibition  of  capsule  formation  by  B.  anthracis  with  consequent  sup- 
pression of  the  metabolic  activities  of  the  organism.  More  recently  Dochez 
and  Avery5  have  shown  that  antipneumococcus  immune  serum  retards  the  growth 
of  the  pneumococcus  and  inhibits  or  markedly  delays  the  fermentation  of  inulin 
and  the  splitting  of  protein  by  the  pneumococcus. 

*  This  work  was  done  under  the  tenure  of  a  William  O.  Moseley  Travelling 
Fellowship  from  Harvard  University. 
lCole,  R.,  /.  Exp.  Med.,  1914.  xx.  163. 

2  von  Dungern,  Ccnlr.  Bakteriol.,  lie  Abt.,  1898,  xxiv,  710. 

3  Gheorghiewsky,  Ann.  Ins!.  Pasteur,  1899,  xiii,  298. 
'Ascoli,    \     Centr.  Baktcriol.,  lie  Abt.,  Orig.,  1908,  xlvi,  178. 
&Dochez,  A    R.,  and  Avery,  0.  T.,  /.  Exp.  Med.,  1916,  xxiii.  61. 
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EXPERIMENTAL. 

The  majority  of  the  experiments  reported  below  deal  with  the 
antiblastic  properties  of  antipneumococcus  serum.  A  few  experi- 
ments have  been  done  with  antistaphylococcus  serum. 

Inhibition  of  the  Metabolic  Activities  of  the  Pneumococcus  by  Anti- 
pneumococcus Immune  Serum. 

Characteristic  metabolic  functions  of  the  pneumococcus  are  the 
fermentation  of  inulin  and  litmus  milk,  the  splitting  of  protein,  and 
the  transformation  of  oxyhemoglobin  to  methemoglobin.  The  in- 
fluence which  immune  serum  exerts  on  these  functions  of  the  pneu- 
mococcus has  been  studied.  The  experiments  of  Dochez  and  Avery 
have  been  repeated  and  extended  and  their  experimental  results 
confirmed  in  that  under  certain  conditions  antipneumococcus  serum 
has  been  found  to  possess  the  property  of  inhibiting  or  retarding  the 
metabolic  activities  of  pneumococci.  The  conclusions  drawn  from 
our  experiments  as  to  the  mechanism  of  this  inhibitory  property  of 
antipneumococcus  serum,  however,  differ  from  those  of  Dochez  and 
Avery. 

Experiment  1.  Inhibition  of  the  Growth  of  the  Pneumococcus  by  Antipneumo- 
coccus Serum. — In  Table  I  is  shown  one  of  a  series  of  experiments  on  the  rate 
of  growth  of  the  pneumococcus  in  homologous  and  heterologous  antipneumococcus 
serum  and  in  normal  horse  serum.  The  amount  of  growth  was  determined  by 
the  plate  method. 

This  experiment  shows  that  an  apparent  inhibition  of  growth 
occurs  in  homologous  antipneumococcus  serum  as  compared  with 
that  in  normal  serum  during  a  period  of  3  hours,  that  a  retardation 
of  growth  occurs  up  to  6  hours,  but  that  by  24  hours  an  abundant 
growth  is  present  in  the  immune  serum  as  well  as  in  the  normal  serum. 
It  furthermore  appears  that  there  is  some  retardation  of  growth  of 
Type  I  pneumococcus  by  the  heterologous  immune  serum,  a  phe- 
nomenon which  does  not  occur  with  Type  II  pneumococcus.  These 
results  agree  with  those  of  Dochez  and  Avery.  It  is  felt,  however, 
that  the  interpretation  of  such  results  as  indicative  of  actual  retarda- 
tion of  growth  is  open  to  serious  objection.  It  is  clear  that  the  ap- 
parent inhibition  of  growth  by  homologous  serum  must  in  large  part 
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TABLE   I. 

Inhibition  of  the  Growth  of  the  Pneumococcus  by  Antipneumococcus  Serum. 


Culture  0.00000001  cc. 

Serum  0.2  cc. 

No.  of  colonies. 

Imme- 
diately. 

After 
3  hrs. 

After 
6  hrs. 

After  24  hrs. 

Pneumococcus  Type  I 

««                                      «          T 
l(                                     U          T 

Antipneumococcus      Se- 
rum Type    I 

Antipneumococcus      Se- 
rum Type  II 

Normal  horse  serum. 

61 
50 

37 

54 

45 
284 

80 
12,000 

22,000 

Confluent. 
«< 

H 

PneumococcusType  II 
"    II 
"    II 

Antipneumococcus    Se- 
rum Type  I 

Antipneumococcus     Se- 
rum Type  II 

Normal  horse  serum. 

31 
43 
29 

69 
42 
59 

6,200 
1,860 

7,750 

Confluent. 

u 
«( 

be  due  to  agglutination.  Furthermore,  it  is  well  known  that  during 
the  first  hours  of  growth  of  the  pneumococcus  chain  formation  occurs 
to  a  considerable  extent.  This  is  a  variable  phenomenon  which  is 
difficult  to  control.  For  these  reasons  it  seems  hazardous  to  conclude 
from  the  experiments  that  immune  serum  actually  retards  the  growth 
of  the  pneumococcus  and  quite  as  probable  that  the  inhibition  indi- 
cated by  the  colony  counts  is  more  apparent  than  real. 

Experiment  2.  Inhibition  of  the  Fermentation  of  Inulin  and  Litmus  Milk  by 
Antipneumococcus  Serum. — The  power  of  antipneumococcus  serum  to  inhibit 
the  fermentation  of  inulin  and  litmus  milk  by  the  pneumococcus  has  been  tested 
in  a  considerable  series  of  experiments,  one  of  which  is  shown  in  Table  II. 

This  experiment  demonstrates  that  the  fermentation  of  litmus  milk 
by  the  pneumococcus  is  markedly  delayed  in  the  presence  of  the 
homologous  immune  serum.  The  fermentation  of  inulin  is  retarded 
by  antipneumococcus  serum  in  a  similar  manner.  In  the  tubes 
containing  the  homologous  immune  serum  the  organisms  grow  in 
agglutinated  masses  at  the  bottom  of  the  tube,  while  in  the  tubes 
containing  the  heterologous  or  normal  serum  they  grow  diffusely. 
To  demonstrate  clearly  inhibition  of  fermentation  it  was  found  neces- 
sary to  use  extremely  small  amounts  of  pneumococcus  culture  (not 
more  than  0.00001  cc.)  in  inoculating  the  media.     With  the  use  of 
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TABLE    II. 
Inhibition  of  the  Fermentation  of  Litmus  Milk  by  Antipneumococcus  Serum. 


Litmus  milk  4  cc.  + 

Incubation  at  37°C. 

Culture  0.000001  cc. 

Serum  1  cc. 

24 

hrs. 

48 
hrs. 

72 
hrs. 

5 
days. 

Pneumococcus  Type  I 
"     I 
"     I 

Antipneumococcus  Serum  Type    I 
"      II 
Normal  horse  serum. 

+  + 
+  + 

+  + 

+  + 

+  + 

+  + 

+ 
+  + 

+  + 

Pneumococcus  Type  II 
"     n 

"    II 

Antipneumococcus  Serum  Type    I 
"      II 
Normal  horse  serum. 

+  + 

+  + 

+  + 
+ 

+  + 

+  + 
+  + 

+  + 

+ 
+  + 

4-  +  indicates  complete  acidification  and  coagulation;  ++,  acid  and  incomplete 
coagulation;  +,  acid  and  beginning  coagulation;  ±,  acid  and  no  coagulation; 
±,  slight  acidification  and  no  coagulation;  — ,  no  acidification  or  coagulation. 

larger  amounts  retardation  of  fermentation  was  very  slight  or  did 
not  occur  at  all.  In  a  series  of  experiments  to  determine  the  maximum 
amount  of  culture  that  could  be  used  satisfactorily  in  demonstrating 
the  antiblastic  action  of  immune  serum  in  preventing  the  fermenta- 
tion of  inulin,  it  was  frequently  noted  that  in  the  immediate  vicinity 
of  the  agglutinated  pneumococci  at  the  bottom  of  the  culture  tube 
there  was  acidification  of  the  medium  indicated  by  change  of  the 
litmus  indicator  to  red,  while  the  upper  portion  of  the  medium  re- 
mained unchanged.  This  observation  suggested  the  possibility 
that  the  apparent  antiblastic  action  of  antipneumococcus  serum  was 
in  reality  due  merely  to  agglutination  of  the  organisms  at  the  bottom 
of  the  culture  tube  and  their  consequent  inability  to  come  into  inti- 
mate contact  with  the  medium  as  a  whole,  this  not  being  the  case  in 
the  presence  of  heterologous  immune  or  normal  serum.  If  this  is  so, 
to  conclude  from  such  experiments  as  those  cited  above  that  immune 
serum  possesses  a  specific  antiblastic  action  would  hardly  be  justified. 
Further  experiments  on  this  point  are  given  below. 

Experiment  3.  Inhibition  of  Methemoglobin  Formation  by  Antipneumococcus 
Scrum. — The  transformation  of  oxyhemoglobin  to  methemoglobin  is  a  char- 
acteristic metabolic  function  of  the  pneumococcus  which  lends  itself  readily  to 
in  vitro  experiments.  A  large  series  of  experiments  has  been  done  in  order  to 
determine   under   what    conditions   antipneumococcus   serum    will    inhibit   this 
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activity  of  the  pneumococcus.  In  general,  the  results  have  been  similar  to  those 
obtained  in  the  case  of  litmus  milk  and  inulin.  To  demonstrate  inhibition,  it 
was  found  essential  to  use  very  small  amounts  of  pneumococci  in  inoculating  the 
hemoglobin  solution-serum  mixtures  and  to  allow  the  cultures  to  incubate  24 
hours.  One  of  these  experiments  is  shown  in  Table  III,  which  demonstrates 
that  under  these  conditions  homologous  antipneumococcus  serum  inhibits  the 
transformation  of  oxyhemoglobin  to  methemoglobin  by  the  pneumococcus. 
Heterologous  immune  serum  and  normal  horse  serum  possessed  no  inhibitory 
properties. 

TABLE   III. 
Inhibition  of  Methemoglobin  Formation  by  Antipneumococcus  Serum. 


Hemoglobin  solution*  1  cc.  + 

Methemoglobin 
formation. 

Culture  0.00001  cc. 

Serum  1  ce. 

After 
24hrs. 

After 
48  hrs. 

Pneumococcus  Type    I 
"      I 
"      I 

Antipneumococcus  Serum  Type    I 
"      II 
Normal  horse  serum. 

+  + 

+  + 

+  + 
+  + 

Pneumococcus  Type  II 
"     II 
"     II 

Antipneumococcus  Serum  Type    I 

(t                                                   <(                     It              IT 

Normal  horse  serum. 

+  + 
+  + 

+  + 

+  4- 

+  +  indicates  complete  transformation  of  oxyhemoglobin  to  methemoglobin; 
=*=,  slight  methemoglobin  formation;  — ,  no  methemoglobin  formation. 

*  Hemoglobin  solution  =  2  cc.  of  a  5  per  cent  suspension  of  washed  rabbit 
corpuscles  +  8  cc.  of  distilled  water  +  30  cc.  of  0.85  per  cent  salt  solution. 


With  the  use  of  larger  amounts  of  culture  it  was  found  that  the 
formation  of  methemoglobin  was  not  inhibited  by  immune  serum, 
but  took  place  rapidly  in  the  immediate  vicinity  of  the  agglutinated 
pneumococci  and  gradually  diffused  upward  throughout  the  whole 
medium.  These  results,  as  in  the  case  of  inulin,  suggested  that  the 
apparent  inhibition  which  occurs  when  minute  amounts  of  culture 
are  used  is  due  to  inability  of  the  agglutinated  pneumococci  to  come 
into  intimate  contact  with  the  medium  as  a  whole. 

Experiment  4.  Inhibition  of  the  Proteolytic  Functions  of  the  Pneumococcus  by 
Antipneumococcus  Serum. — The  growth  of  pneumococcus  in  a  serum  broth  medium 
is  attended  by  an  increase  in  the  amino-acid  content  of  the  medium.  Dochez 
and  Avery5  believe  it  probable  that  the  pneumococcus  effects  a  splitting  of  pro- 
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tein  before  absorption  and  that  the  increase  in  amino-acid  content  of  the  medium 
represents  the  excess  of  protein  split  over  that  used  up  in  the  process  of  growth. 
If  this  hypothesis  is  accepted,  the  increase  in  amino-acid  produced  by  the  growth 
of  the  pneumococcus  might  serve  as  a  measure  of  the  proteolytic  activity  of  the 
pneumococcus  in  a  given  culture,  the  amount  of  increase  being  directly  pro- 
portional to  the  total  amount  split.  The  possibility  should  be  pointed  out,  how- 
ever, that  the  amount  of  amino-acid  increase  might  be  inversely  proportional  to 
the  metabolic  activities  of  the  pneumococcus,  a  small  amino-acid  increase  indi- 
cating a  greater  utilization  of  the  total  amount  of  protein  split,  and  vice  versa. 

The  experiment  recorded  in  Table  IV  shows  the  increase  in  amino-acid  nitrogen 
when  the  pneumococcus  was  grown  in  broth  containing  antipneumococcus  serum 
as  compared  with  the  increase  in  the  presence  of  normal  horse  serum.  The 
increase  in  amino-acid  was  determined  by  the  method  of  Van  Slyke.6 

TABLE   IV. 

Inhibition  of  the  Proteolytic  Activities  of  the  Pneumococcus  by  Antipneumococcus 

Scrum. 


Broth  8  cc.  + 

Increase  in 
amino  nitrogen 

per  cc.  after 
48  hrs.  at  37°  C. 

Culture  0.000002  cc. 

Serum  2  cc. 

mg 

Pneumococcus  Type  I 

Antipneumococcus  Serum  Type    I 

0.031 

<<                                               («            T 

"      II 

0.103 

l<                                         II          T 

Normal  horse  serum. 

0.106 

If  the  increase  in  amino  nitrogen  content  of  the  medium  is  a  direct 
measure  of  the  proteolytic  activities  of  the  pneumococcus,  it  is  ap- 
parent that  the  homologous  antipneumococcus  serum  exerted  a 
marked  inhibitory  action  on  this  metabolic  function  of  the  pneu- 
mococcus. Since  the  pneumococcus  growth  in  the  tube  containing 
homologous  immune  serum  was  in  agglutinated  masses  at  the  bottom 
of  the  tube  in  contradistinction  to  the  diffuse  growth  in  the  other 
tubes,  it  seemed  possible  that  this  factor  might  be  responsible  for 
the  apparent  inhibition  of  proteolytic  activity  rather  than  any  true, 
antienzymotic  property  of  the  serum.  A  further  experiment  to 
determine  the  influence  of  this  factor  is  presented  below. 

Experiment  5.  Antiblastic  Properties  of  Exhausted  Immune  Serum. — A  series 
of  experiments  was  done  to  determine  whether  immune  serum  exhausted  of  its 

6  Van  Slyke,  D.  D.,  /.  Biol.  Chem.,  1913-14,  xvi,  121;  1915,  xxiii,  407. 
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agglutinin  and  precipitin  content  by  repeated  exposure  to  killed  pneumococci 
still  retained  any  demonstrable  antiblastic  properties.  In  Table  V  is  shown  one 
of  these  experiments  from  which  it  will  be  seen  that  immune  serum  exhausted  of 
its  agglutinin  and  precipitin  content  possesses  no  power  to  inhibit  the  formation 
of  methemoglobin  by  the  pneumococcus.  Identical  results  have  been  obtained 
with  respect  to  the  fermentation  of  inulin  and  litmus  milk.  From  these  experi- 
ments it  is  evident  that  the  specific  antiblastic  action  of  immune  serum,  if  such 
exists,  is  removed  from  the  serum  at  the  same  time  that  the  agglutinins  and 
precipitins  are  removed  by  treatment  with  dead  pneumococci. 

TABLE    V. 
Antiblastic  Properties  of  Exhausted  Anti pneumococcus  Scrum. 


Hemoglobin  solution  1  cc.  + 

Methemoglobin 
formation. 

Culture  0.00001  cc. 

Serum  1  cc. 

After 
24  hrs. 

After 
48  hrs. 

Pneumococcus  Type  I 

M                                          it          T 

Antipneumococcus  Serum  Type  I 
Exhausted        "            "        "     I 

+  + 

+  + 

Pneumococcus  Type  II 
"     II 

Antipneumococcus  Serum  Type  II 
Exhausted        "            "        "      II 

+  + 

+  + 

Experiment  6.  Relation  of  Agglutinins  to  Antiblastic  Immunity. — From  the 
results  obtained  in  the  foregoing  experiments  the  suggestion  arose  that  the  ap- 
parent antiblastic  action  of  antipneumococcus  serum  was  in  some  way  closely 
related  to  agglutination  of  the  bacteria.  The  following  experiment  was  done  to 
determine  more  accurately  this  relationship.  Equal  parts  of  pneumococcus 
cultures  and  increasing  serum  dilutions  were  mixed  in  small  tubes  and  incubated 
for  2  hours  at  37°C.  1  cc.  of  hemoglobin  solution  was  then  carefully  added  to 
each  tube  so  as  not  to  disturb  the  agglutinated  pneumococci  and  the  tubes  were 
incubated  for  1  hour  at  37°C.     The  results  are  shown  in  Table  VI. 

This  experiment  shows  that  the  antiblastic  action  of  the  serum 
bears  a  definite  relationship  to  the  degree  of  agglutination  of  the 
pneumococci.  In  the  tube  containing  the  1 :  25  serum  dilution  ag- 
glutination was  complete,  the  pneumococci  having  entirely  settled 
to  the  bottom  of  the  tube,  and  complete  inhibition  of  methemoglobin 
formation  occurred.  With  increasing  dilutions  of  serum  agglutina- 
tion and  sedimentation  were  progressively  less  complete  and  formation 
of  methemoglobin  rapidly  took  place  in  the  immediate  neighborhood 
of  the  agglutinated  pneumococci,  the  upper  portion  of  the  medium 
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TABLE    VI. 

Relation  of  Antiblastic  Immunity  to  Agglutination. 


Culture  0.5  cc. 

Serum  0.5  cc. 

o  * 
c 

< 

1  cc.  of  hem- 
oglobin 
solution 
added  to 
each  tube. 

Mfthcmoftlobin 
formation  after 
1  hr  nt  37*  C      J 

Pneumococcus  Type  I 

11                                 U         T 
((                                 It         T 

Antipneumococcus  Serum  Type 

I  (1:25) 
Antipneumococcus  Serum  Type 

I  (1:50) 
Antipneumococcus  Serum  Type 

1(1:100) 
Antipneumococcus  Serum  Type 

I  (1:200) 
Antipneumococcus  Serum  Type 

I  (1:400) 
Antipneumococcus  Serum  Type 

11(1:25) 
Normal  horse  serum  (1:  25) 

+  + 

t_+ 
+ 
=fc 

+  + 

l-H 

+  + 

1— I           M           M 

++ 

++ 

++ 

++ 

qq:  indicates  methemoglobin  formation  in  the  immediate  vicinity  of  the 
agglutinated  pneumococci,  the  upper  portion  of  the  medium  remaining  unchanged. 

from  which  the  bacteria  had  settled  out  remaining  unchanged.  This 
experiment  indicates  that  the  antiblastic  property  of  antipneu- 
mococcus serum  probably  depends  in  large  measure,  if  not  entirely, 
upon  its  ability  to  agglutinate  the  pneumococci  and  thereby  prevent 
their  coming  into  intimate  contact  with  the  medium  as  a  whole. 

By  growing  pneumococci  in  a  serum-hemoglobin  solution  agar 
medium,  agglutination  of  the  pneumococci  may  be  prevented.  Under 
these  conditions  antipneumococcus  serum  was  found  not  to  inhibit 
methemoglobin  formation.  An  objection  may  be  raised  to  these 
experiments,  however,  because  it  is  not  certain  that  in  a  solid 
medium  the  immune  serum  is  in  sufficient  concentration  in  the  im- 
mediate vicinity  of  the  pneumococcus  colonies  to  exert  a  demon- 
strable antiblastic  action. 

Experiments  7  and  8.  Relation  of  Antiblastic  Immunity  to  the  Ability  of  Bacteria 
to  Come  into  Intimate  Contact  with  the  Medium. — It  seemed  probable  from  many 
of  the  previous  experiments  that  the  antiblastic  action  of  antipneumococcus 
serum  was  due  to  inability  of  the  agglutinated  bacteria  to  come  into  sufficiently 
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intimate  contact  with  the  medium  as  a  whole  to  enable  them  to  produce  the 
characteristic  changes  in  the  medium.  Under  these  conditions  the  metabolic 
activities  of  the  pneumococci  could  exert  their  influence  only  in  the  immediate 
vicinity  of  the  agglutinated  bacteria  and  complete  change  of  the  medium  could 
take  place  only  as  gradual  diffusion  occurred.  This  is  exactly  what  did  occur 
when  moderately  large  amounts  of  pneumococci  were  used,  the  reaction  in  the 
presence  of  homologous  immune  serum  being  merely  retarded  rather  than  com- 
pletely inhibited.  When  minute  amounts  of  pneumococci  were  used  growth 
had  probably  ceased  before  diffusion  could  take  place  and  apparently  complete 
inhibition  resulted. 

In  order  to  obviate  this  difficulty,  two  sets  of  experiments  have  been  carried 
out.  The  first  consisted  in  running  a  parallel  series  of  tubes,  one  of  which  was 
shaken,  the  other  not.  The  second  group  of  experiments  consisted  in  a  parallel 
series  of  cultures,  one  in  test-tubes,  the  other  in  small  flasks  so  that  the  aggluti- 
nated bacteria  would  be  brought  into  much  more  intimate  contact  with  the  medium 
as  a  whole,  which  was  in  a  thin  layer  at  the  bottom  of  the  flasks,  than  could 
possibly  occur  in  test-tube  cultures.  The  effect  of  shaking  is  well  demonstrated 
in  the  experiment  shown  in  Table  VII. 

TABLE    VII. 

Effect  of  Shaking  on  the  Inhibition  of  Methemoglobin  Formation  by  Antipneumo- 

coccus  Scrum. 


2  hrs.  at  37°C. 

1  cc.  of  hem- 
oglobin so- 
lution      in 
each  tube. 

Incubation  at  37°C. 

Culture  0.5  cc. 

Serum  0.5  cc. 

d 
o 

+  + 

'§ 

o 

3 

+  + 

9a 

£2 

Pneumococcus  Type  I 

ti                                         «           T 

Antipneumo- 

coccus  Serum 

Type  I 
Antipneumo- 

coccus  Serum 

Type  I 

Unshaken. 
Shaken. 

+  + 

Suitable  control  tubes  showed  that  normal  horse  serum  did  not 
inhibit  methemoglobin  formation  and  that  shaking  in  itself  did  not 
change  oxyhemoglobin  to  methemoglobin.  While  complete  inhibition 
of  methemoglobin  formation  took  place  in  the  unshaken  tube  in  the 
presence  of  homologous  antipneumococcus  serum,  in  the  tube  that 
was  shaken  so  that  the  agglutinated  clumps  of  bacteria  were  more 
or  less  broken  up  and  diffused  throughout  the  medium  no  inhibition 
occurred. 
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Further  experiments  illustrating  this  point  were  made  with  two 
strains  of  Streptococcus  viridans  which,  like  the  pneumococcus,  trans- 
forms oxyhemoglobin  to  methemoglobin.  Strain  1  normally  grew 
diffusely  in  serum-free  bouillon,  but  like  many  streptococci  grew  in 
granular  clumps  at  the  bottom  of  the  culture  tube  in  the  presence  of 
serum.  By  growing  this  streptococcus  in  tubes  containing  anti- 
pneumococcus  serum,  it  was  possible  to  inhibit  completely  for  24 
hours  the  formation  of  methemoglobin  as  shown  in  Table  VIII, 
demonstrable  methemoglobin  being  present  only  after  gradual 
diffusion  of  the  medium  took  place. 

TABLE   VLTI. 

Inhibition  of  Methemoglobin  Formation  by  Streptococcus  viridans  by  Antipneumo- 

coccus  Serum. 


Hemoglobin  solution  1  cc.  + 

Methemoglobin 
formation. 

Character  of 
growth. 

Culture  0.00001  cc. 

Serum  1  cc. 

After 
24  hrs. 

After 
48  hrs. 

Streptococcus  viridans  1 

"        1 

it                «        i 

<<                «        i 

Antipneumococcus         Serum 

Type  I 
Antipneumococcus        Serum 

Type  II 
Normal  horse  serum. 

Bouillon  1  cc. 

± 
+  + 

+ 
+ 

+  + 

+  + 

Sediment. 
it 

and     dif- 
fuse. 
Diffuse. 

This  inhibition  cannot  be  attributed  to  any  specific  immunity 
principle  in  the  serum  and  is  more  probably  brought  about  by  the 
growth  of  the  streptococci  at  the  bottom  of  the  culture  tube  and 
their  consequent  inability  to  act  on  the  medium  as  a  whole. 

Streptococcus  viridans  2  normally  grew  as  a  sediment  in  bouillon 
and  produced  methemoglobin  slowly  as  the  growth  gradually  ex- 
tended up  the  sides  of  the  tube  and  diffusion  of  the  medium  took 
place.  By  shaking  a  culture  of  Streptococcus  viridans  2  so  that  the 
organisms  were  in  continual  intimate  contact  with  the  whole  medium 
it  was  found  that  the  transformation  of  oxyhemoglobin  to  methemo- 
globin took  place  rapidly  and  was  complete  by  the  end  of  6  hours, 
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at  which  time  the  unshaken  control  tubes  failed  to  show  any  trace  of 
methemoglobin  (Table  IX) . 

TABLE   IX. 

Effect  of  Shaking  on  Methemoglobin  Formation  by  Streptococcus  viridans. 


Materials  used. 


Methemoglobin 

formation  after 

incubation  at 

37°C 


3hrs. 


Streptococcus  viridans  2,  0.5  cc.  +  hemoglobin  solution  1  cc.  -f-bouillon  1  cc. 

(shaken) 

Streptococcus  viridans  2,0.5  cc.  +  hemoglobin  solution  lcc.  +  bouillon  1  cc. 

(unshaken) 

Hemoglobin  solution  1  cc.  +  bouillon  1.5  cc.  (shaken) 

"       1"    +        "       1.5"    (unshaken) 


+  + 


It  is  evident  from  this  experiment  that  the  rapid  formation  of 
methemoglobin  by  this  streptococcus  depended  upon  its  ability  to 
grow  in  intimate  contact  with  the  whole  medium. 

Comparison  of  the  inhibitory  power  of  immune  serum  in  parallel 
series  of  test-tube  cultures  and  flask  cultures  confirmed  the  results 
of  the  shaking  experiments.  It  was  found  that  while  marked  re- 
tardation of  metabolic  function  as  measured  by  the  change  in  the 
medium  occurred  in  the  test-tube  in  the  presence  of  homologous 
immune  serum,  no  inhibition  occurred  in  the  flask  cultures  in  which 
the  agglutinated  bacteria  were  able  to  come  into  intimate  contact 
with  the  medium  as  a  whole.  This  is  clearly  shown  in  the  experi- 
ments recorded  in  Table  X. 

From  these  experiments  it  is  evident  that  antipneumococcus  serum 
exerted  no  inhibitory  action  on  the  fermentation  of  litmus  milk  or 
on  the  splitting  of  protein  by  the  pneumococcus  when  the  organisms 
were  grown  in  flask  cultures,  in  striking  contrast  with  the  results  in 
the  test-tube  cultures.  Identical  results  were  obtained  with  respect 
to  the  fermentation  of  inulin.  " 

These  two  groups  of  experiments  seem  to  throw  considerable  doubt 
on  the  theory  that  antipneumococcus  serum  possesses  the  property 
of  inhibiting  the  metabolic  activities  of  the  pneumococcus  by  virtue 
of  a  specific  antiblastic  immunity  principle.     They  rather  indicate 


476 


ANTIBLASTIC    IMMUNITY 


TABLE    X. 


Relation  of  the  Inhibition  of  the  Metabolic  Activities  of  the  Pneumococcus  by  Anti- 
pneumococcus  Serum  to  the  Ability  of  the  Pneumococcus  to  Act  on  the  Medium 

as  a  Whole. 
Ftr mentation  of  Litmus  Milk. 


Litmus  milk  4  cc.  + 

Test-tube 
cultures. 

Flask  cultures. 

Culture  0.000001  cc. 

Serum  1  cc . 

<5 

H  -c 

Pneumococcus  Type  II 

Antipneumococcus 
Type  I 

Serum 

+  + 

++ 

++ 

++ 

++ 

+  + 

"     II 

Antipneumococcus 
Type  II 

Serum 

" 

+ 

± 

++ 

++ 

+  + 

a    n 

Normal  horse  serum. 

+  + 

++ 

++ 

++ 

++ 

+  + 

Digestion  of  Protein. 


Broth  8  cc.  + 


Increase  in  am- 
ino nitrogen  per 
cc  after  48  hrs. 
at  37°C 


Culture  0.000002  cc. 


Serum  2  cc. 


Test- 
tubecul- 
tures. 


Flask 

CUi 

tures 


Pneumococcus  Type  I 


.Antipneumococcus  Serum  Type   I 
"     II 
Normal  horse  serum. 


mg. 

0.031 
0.103 
0.106 


mt. 

0.169 
0.120 
0.154 


that  the  inhibition  which  occurs  under  certain  experimental  con- 
ditions is  in  reality  due  to  agglutination  of  the  pneumococci  by  the 
immune  serum  and  their  consequent  inability  to  come  into  intimate 
contact  with  the  medium  as  a  whole. 


Inhibition  of  the  Metabolic  Activities  of  Staphylococcus  pyogenes  aureus 
by  Antistaphylococcus  Serum. 

Characteristic  metabolic  functions  of  Staphylococcus  pyogenes 
aureus  are  the  liquefaction  of  gelatin,  the  formation  of  a  golden  pig- 
ment, and  the  transformation  of  oxyhemoglobin  to  a  magenta- 
colored  unstable  compound,  which  is  probably  reduced  hemoglobin. 
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A  limited  series  of  experiments  has  been  carried  out  to  determine  the 
ability  of  antistaphylococcus  serum  to  inhibit  or  retard  these  meta- 
bolic activities  of  Staphylococcus  pyogenes  aureus.  The  staphylo- 
coccus used  in  the  experments  was  obtained  by  blood  culture  from 
a  case  of  staphylococcus  septicemia  and  an  autologous  immune 
serum  was  prepared  by  the  immunization  of  a  rabbit  with  this  staphy- 
lococcus. 

Experiment  9.  Inhibition  of  the  Liquefaction  of  Gelatin  by  Antistaphylo- 
coccus Serum. — The  liquefaction  of  gelatin  is  a  characteristic  metabolic  function 
of  Staphylococcus  pyogenes  aureus.  In  a  series  of  experiments  to  determine 
the  inhibitory  action  exerted  by  antistaphylococcus  serum  on  this  activity  of 
the  staphylococcus  it  was  found  that  complete  inhibition  occurred.  One  of 
these  experiments  is  shown  in  Table  XI.  Incubation  of  the  culture  tubes  was 
carried  out  at  20°C.  so  that  no  agglutination  of  the  staphylococci  would  occur. 
It  should  be  noted  that  in  the  tube  containing  antistaphylococcus  serum  there 
was  no  apparent  inhibition  of  growth  of  the  staphylococci  as  compared  with 
that  in  the  control  tube.  In  other  words,  although  the  liquefaction  of  gelatin 
was  completely  inhibited,  the  immune  serum  exerted  no  apparent  antagonistic 
action  towards  those  metabolic  activities  of  the  staphylococcus. which  are  essen- 
tial to  its  growth  and  multiplication. 


TABLE   XI. 

Inhibition  of  the  Liquefaction  of  Gelatin  by  Antistaphylococcus  Serum. 


Gelatin  4  cc.  + 

Liquefaction  of 

gelatin 

after  incubation 

at   20°C- 

Culture  0.000001  cc. 

Serum  1  cc. 

3 

days. 

6 

days. 

9 

days. 

Staphylococcus  pyogenes  aureus. 

U                           tt                 a 

Antistaphylococcus  serum. 
Norma!  rabbit  serum. 

+  + 

+  + 

+  + 

Experiment  10.  Inhibition  of  Pigment  Formation  by  Antistaphylococcus  Scrum. — 
When  staphylococci  were  grown  on  the  surface  of  serum  agar  slants  and  in  serum 
agar  shake  cultures,  it  was  found  that  antistaphylococcus  serum  exerted  no 
inhibitory  effect  on  pigment  formation  by  the  organisms.  It  was  felt  that  under 
these  conditions  the  serum  might  not  be  in  sufficient  concentration  in  the  immedi- 
ate vicinity  of  the  staphylococcus  colonies  to  exhibit  any  demonstrable  anti- 
blastic  action.  In  order  to  obviate  this  objection  as  far  as  possible,  serum  agar 
plates  were  prepared  (serum  1  part  to  plain  agar  4  parts)  and  a  thin  layer  of  serum 
was  spread  over  the  surface  of  the  agar  which  was  then  streaked  with  a  loop  of 
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staphylococcus  culture.  The  plates  were  sealed  to  prevent  evaporation  of  the 
serum  as  far  as  possible  and  incubated  at  room  temperature.'  Under  these  con- 
ditions the  growing  staphylococcus  colonies  were  in  intimate  contact  with  the 
serum.  It  was  found  that  antistaphylococcus  serum  definitely  retarded  the 
formation  of  pigment  by  Staphylococcus  pyogenes  aureus  (Table  XII),  although 
it  exerted  no  apparent  inhibitory  action  on  the  rate  of  growth  of  the  bacteria,  as 
compared  with  the  growth  in  the  presence  of  normal  serum. 

TABLE   XII. 

Inhibition  of  Pigment  Formation  by  Antistaphylococcus  Serum. 


Materials  used. 

Pigment  formation. 

After 

24  hrs. 

After 
36  hrs. 

After 
48  hrs. 

Antistaphylococcus     serum     agar     +     Staphylococcus    pyogenes 

± 

+ 

rfc 

+  + 

This  inhibition  of  pigment  formation  by  antistaphylococcus  serum 
must  be  attributed  to  some  definite  antagonistic  property  of  the  serum 
toward  this  function  of  the  staphylococcus.  It  should  not  be  con- 
cluded, however,  from  this  inhibitory  phenomenon  that  the  antag- 
onistic action  of  the  serum  is  definitely  antienzymotic  in  nature, 
for  it  is  not  definitely  known  that  pigment  formation  by  Staphy- 
lococcus pyogenes  aureus  is  caused  by  enzyme  action.  Certainly  the 
formation  of  pigment  is  not  essential  to  the  life  and  growth  of  the 
staphylococcus,  for  it  does  not  occur  during  the  early  stages  of  growth 
and  appears  only  after  the  staphylococcus  colonies  are  well  developed 
and  multiplication  probably  has  in  large  measure  ceased.  Further 
experiments  are  necessary  to  establish  the  exact  nature  of  this  in- 
hibitory action  of  antistaphylococcus  serum. 

Experiment  11.  Inhibition  of  the  Reduction  of  Oxyhemoglobin  by  Antistaphylo- 
coccus Serum. — To  determine  the  inhibitory  effect  of  antistaphylococcus  serum 
on  the  reduction  of  oxyhemoglobin  by  Staphylococcus  pyogenes  aureus,  two  series 
of  experiments  were  made,  one  with  the  use  of  a  5  per  cent  suspension  of  washed 
rabbit  corpuscles,  the  other  with  a  solution  of  hemoglobin  prepared  fiom  rabbit 
corpuscles  as  in  the  pneumococcus  experiments.  A  typical  experiment  is  shown 
in  Table  XIII. 
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TABLE   XIII. 

Inhibition  of  the  Reduction  of  Oxyhemoglobin  by  Antistaphylococcus  Serum. 


Suspension  of  rabbit  corpuscles  1  cc.  + 

Reduction  of 

oxyhemoglobin1 

after  incubation 

at  37*C. 

Culture  0.000001  cc. 

Serum  0.S  cc. 

24hrs. 

48  hrs. 

Staphylococcus  pyogenes  aureus. 

M                                It                     It 

Antistaphylococcus  serum. 
Normal  rabbit               " 

K                  (<                                   U 

+  + 
+  + 

+  + 
+  + 

Hemoglobin  solution  1  cc.  + 

Reduction  of 

oxyhemoglobin 

after  incubation 

at37*C. 

Culture  0.000001  cc. 

Serum  0.5  cc. 

24  hrs. 

48  hrs. 

Staphylococcus  pyogenes  aureus. 

tt                            a                  u 

Antistaphylococcus  serum. 

Normal  rabbit              " 
««           t<                    << 

+  + 

± 
+  + 

It  was  found  that  the  reduction  of  oxyhemoglobin  was  not  inhibited 
by  antistaphylococcus  serum  when  rabbit  corpuscles  were  used,  but 
that  inhibition  occurred  when  a  hemoglobin  solution  was  substituted 
for  the  corpuscle  suspension.  This  difference  is  readily  explained  on 
the  basis  of  the  results  obtained  in  the  pneumococcus  experiments. 
In  the  tubes  containing  rabbit  corpuscles  the  blood  cells  rapidly 
settled  to  the  bottom  of  the  tube  where  they  were  in  intimate  contact 
with  the  agglutinated  staphylococci,  and  were  therefore  in  a  position 
to  be  acted  upon  by  the  organisms.  In  the  tubes  containing  hemo- 
globin solution,  however,  the  agglutinated  staphylococci  were  not  in 
intimate  contact  with  the  hemoglobin  held  in  solution  throughout 
the  med'um  and  consequently  were  unable  to  act  upon  it  within  the 
time  limits  of  the  experiment.  When  the  agglutinated  clumps  of 
staphylococci  were  broken  up  and  dispersed  throughout  the  medium 
by  shaking,  the  hemoglobin  solution  was  rapidly  reduced.  From 
these  experiments  it  is  evident  that  antistaphylococcus  serum  pos- 
sesses no  specific  antiblastic  property  which  enables  it  to  inhibit  the 
reduction  of  oxyhemoglobin  by  Staphylococcus  pyogenes  aureus 
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DISCUSSION. 


The  series  of  experiments  reported  in  this  paper  were  undertaken 
in  an  attempt  to  explain  the  mechanism  by  which  immune  serum  is 
able  to  retard  or  inhibit  the  metabolic  activities  of  bacteria.  This 
property  of  immune  serum  has  been  attributed  by  previous  investi- 
gators to  an  antienzymotic  or  antiblastic  action  of  the  serum  which 
exerts  itself  at  the  point  of  contact  of  the  bacterial  cell  with  its  environ- 
ment. While  it  has  been  clearly  demonstrated  in  confirmation  of  the 
work  of  other  observers  that  under  certain  experimental  conditions 
immune  serum  does  exert  an  apparent  inhibitory  action  on  the  nu- 
tritional and  certain  other  metabolic  processes  of  bacteria,  the  facts 
brought  out  as  the  experiments  progressed  have  made  it  seem  prob- 
able that  the  inhibitory  action  exerted  by  antipneumococcus  serum 
is  not  due  to  a  specific  antienzymotic  or  antiblastic  property  of  the 
serum,  but  rather  to  its  agglutinating  properties.  It  is  well  recog- 
nized that  many  bacteria  grow  readily  in  homologous  immune  serum, 
provided  the  serum  does  not  possess  definite  bactericidal  properties, 
a  fact  which  in  itself  would  tend  to  throw  some  doubt  on  the  validity 
of  the  antiblastic  theory  as  applicable  to  all  immune  sera,  since 
metabolic  activity  is  considered  to  be  essential  to  bacterial  nutrition 
and  growth.  Bacteria  when  cultivated  in  media  containing  immune 
serum  grow  in  agglutinated  clumps  at  the  bottom  of  the  culture  tube. 
Under  these  conditions  they  do  not  come  into  intimate  contact  with 
the  whole  medium  and  are  unable  to  bring  about  changes  rapidly 
throughout  the  medium.  Presumably  the  metabolic  activities  which 
bacteria  carry  on  in  the  process  of  growth  exert  their  influence  on  the 
medium  only  in  the  immediate  vicinity  of  the  agglutinated  organisms 
during  the  early  stages  of  growth,  and  only  as  gradual  diffusion  of  the 
medium  takes  place  are  the  bacteria  able  to  act  upon  the  whole  me- 
dium in  sufficient  degree  to  bring  about  those  changes  which  indicate 
that  bacterial  metabolism  is  taking  place.  That  these  considerations 
hold  with  respect  to  the  influence  exerted  by  antipneumococcus  serum 
on  the  metabolic  activities  of  the  pneumococcus  has  been  demon- 
strated in  the  experiments  reported  above,  in  which  it  has  been  shown 
that  the  metabolic  activities  of  the  pneumococcus  do  take  place  in 
the  immediate  vicinity  of  the  agglut;nated  bacteria  in  spite  of  the 
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presence  of  immune  serum;  that  the  degree  of  apparent  inhibition 
which  antipneumococcus  serum  exerts  upon  the  metabolic  activities 
of  the  pneumococcus  depends  upon  the  extent  of  agglutination  of  the 
organisms;  that  antipneumococcus  serum  exhausted  of  its  agglutinin 
content  possesses  no  antiblastic  properties;  that  antipneumococcus 
serum  possesses  the  property  of  apparently  inhibiting  the  metabolic 
activities  of  entirely  unrelated  bacteria  provided  those  bacteria 
grow  in  sedimented  clumps  in  the  presence  of  the  serum;  and  that 
when  pneumococci  are  grown  in  the  presence  of  antipneumococcus 
serum  under  conditions  that  enable  them  to  come  into  intimate  con- 
tact with  the  whole  medium,  no  inhibition  of  metabolic  activity 
takes  place. 

A  limited  number  of  experiments  with  antistaphylococcus  serum 
has  confirmed  the  results  obtained  with  antipneumococcus  serum 
in  as  far  as  the  inhibitory  effect  of  the  serum  on  the  reduction  of 
oxyhemoglobin  by  the  staphylococcus  is  concerned.  On  the  other 
hand,  antistaphylococcus  serum  has  been  found  to  inhibit  or  markedly 
retard  the  formation  of  pigment  and  the  liquefaction  of  gelatin  by 
Staphylococcus  pyogenes  aureus.  Under  the  conditions  of  the  experi- 
ments agglutination  of  the  bacteria  did  not  occur  and  therefore  could 
not  have  been  a  factor  in  causing  the  inhibition.  It  is  to  be  noted 
that  neither  pigment  formation  nor  the  liquef action  of  gelatin  is  an 
essential  process  in  the  nutrition  of  the  staphylococcus  and  that  these 
phenomena  take  place  in  demonstrable  amount  only  after  the  staphy- 
lococcus colonies  have  become  well  developed.  It  is  felt  that  further 
experimental  work  is  necessary  to  determine  the  exact  mechanism 
of  the  inhibitory  action  of  antistaphylococcus  serum  on  these  functions 
of  the  staphylococcus  before  the  conclusion  can  be  safely  drawn  that 
it  is  of  an  antienzymotic  nature.  The  outstanding  fact  that  staphy- 
lococci as  well  as  pneumococci  grow  rapidly  and  abundantly  in  the 
homologous  immune  serum  is  sufficient  in  itself  to  indicate  that  the 
immune  serum  possesses  no  properties  in  demonstrable  amount 
antagonistic  to  those  bacterial  metabolic  activities  essential  to  t  In- 
growth and  multiplication  of  the  bacteria. 
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CONCLUSIONS. 

Antipneumococcus  serum  under  certain  conditions  apparently 
inhibits  or  retards  the  metabolic  activities  of  the  homologous  pneu- 
mococcus. 

Antipneumococcus  serum  exhausted  of  its  agglutinin  content 
possesses  no  inhibitory  properties. 

The  degree  of  inhibitory  action  of  antipneumococcus  serum  parallels 
its  agglutinating  power. 

No  evidence  has  been  found  to  indicate  that  the  inhibition  of  the 
metabolic  activities  of  the  pneumococcus  by  antipneumococcus  serum 
is  due  to  a  specific  antienzymotic  property  of  the  serum. 

The  evidence  which  has  been  obtained  indicates  that  the  apparent 
inhibition  of  metabolic  activity  that  occurs  under  certain  conditions 
is  due  to  agglutination  of  the  pneumococci  by  the  antipneumococcus 
serum  and  their  consequent  inability  to  grow  in  intimate  contact 
with  the  whole  medium. 

Antistaphylococcus  serum  inhibits  the  liquefaction  of  gelatin  and 
the  formation  of  pigment  by  Staphylococcus  pyogenes  aureus.  Further 
experimentation  is  necessary  to  determine  the  mechanism  of  this 
inhibitory  action. 

Antistaphylococcus  serum  does  not  inhibit  those  metabolic  activi- 
ties of  Staphylococcus  pyogenes  aureus  essential  to  the  growth  and 
multiplication  of  the  organisms 
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INTRODUCTION. 

The  importance  of  acute  lobar  pneumonia  and  the  need  for  means 
to  prevent  its  ravages  are  now  generally  recognized.  Among  the 
infectious  diseases  pneumonia  ranks  next  to  tuberculosis  as  a  cause 
of  death,  and  in  many  of  our  large  cities  it  kills  more  persons  each 
year  than  does  tuberculosis  itself.  In  the  public  mind  pneumonia 
is  generally  thought  to  affect  mainly  the  very  young  and  the  old  and 
decrepit.  As  a  matter  of  fact,  over  half  the  cases  occur  between  the 
ages  of  20  and  50,  during  the  period  of  greatest  activity. 

Although  it  occurs  chiefly  in  endemic  form,  small  and  even  large 
epidemics  are  not  unknown.  It  was  the  most  serious  disease  which 
threatened  the  success  of  construction  of  the  Panama  Canal,  and  its 
prevalence  in  certain  regions  where  large  numbers  of  susceptible 
workers  are  brought  together,  as  in  the  mines  of  South  Africa,  renders 
it  of  great  economic  importance.  Its  importance  as  a  cause  of  sick- 
ness and  death  among  soldiers  is  not  generally  recognized,  at  least 
in  this  country,  in  spite  of  the  fact  that  in  our  Civil  War,  aside  from 
dysentery  and  typhoid,  it  caused  far  more  deaths  than  any  other 
disease.  With  improvements  in  knowledge  of  preventing  and  treat- 
ing the  two  former  diseases,  pneumonia  bids  fair  in  the  present  war 
to  lead  all  diseases  as  a  cause  of  death.  Judging  from  the  experience 
in  European  armies,  both  in  times  of  war  and  in  times  of  peace, 
pneumonia  is  especially  likely  to  attack  raw  recruits.  The  experi- 
ence among  the  small  number  of  troops  on  the  Mexican  Border, 
where  pneumonia  occurred  in  epidemic  form,  should  be  a  warning 
of  what  is  likely  to  happen  in  our  national  army  when  large  num- 
bers of  susceptible  men  are  brought  together  during  the  winter 
months. 

Up  to  a  few  years  ago  the  problem  of  preventing  the  spread  ol 
pneumonia  or  reducing  its  destructive  effects  seemed  almost  hopeless. 
The  fact  that  bacteria  apparently  identical  with  those  causing  pneu- 
monia are  found  in  the  mouths  of  many  normal  persons  seemed 
to  render  any  proposed  measures  for  the  prevention  of  infection  well- 
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nigh  useless.  Attempts  to  cure  the  disease  by  the  serum  of  immune 
animals  had  also  given  very  inconclusive  or  negative  results. 

During  recent  years  there  has  been  in  progress  in  the  Hospital  of 
The  Rockefeller  Institute  a  study  of  acute  lobar  pneumonia  with  the 
special  object  of  improving  methods  of  treatment.  Realizing  that 
such  improvements  are  most  likely  to  follow  increase  in  knowledge 
of  the  pathogenesis  of  the  disease  and  especially  knowledge  concern- 
ing the  etiologic  agent  itself,  much  time  has  been  given  to  the  study 
of  the  pneumococcus,  to  the  study  of  its  distribution,  which  is 
so  necessary  for  a  knowledge  of  the  epidemiology  of  the  disease, 
and  especially  to  a  study  of  its  immunity  reactions,  in  order  that 
methods  for  specific  treatment  might  be  obtained.  As  a  result 
of  this  study,  certain  observations  have  been  made  and  methods 
have  been  devised  which  have  a  direct  practical  bearing  upon  diag- 
nosis and  treatment.  These  observations,  have  been  published  from 
time  to  time  in  papers  appearing  in  The  Journal  of  Experimental 
Medicine  and  elsewhere.  At  the  present  time  of  emergency  and 
stress,  however,  it  seems  desirable  that  whatever  is  of  practical 
value  in  this  work  should  be  made  easily  accessible,  and,  with  the  hope 
of  meeting  this  need,  this  monograph  has  been  prepared. 

In  the  studies  which  have  been  carried  on  at  the  Hospital  of  The 
Rockeieller  Institute,  attention  has  been  confined  to  pneumonia  of 
the  lobar  type,  due  to  Diplococcus  pneumonia,  though  certain  of  the 
results  obtained  are  undoubtedly  applicable  to  lobular  infections  of 
the  lung  and  to  other  pneumococcus  infections  as  well.  It  is  our 
purpose  here,  however,  to  consider  only  the  application  of  bacterio- 
logic  and  immunologic  facts  to  the  former  disease. 

It  is  not  intended  to  present  a  complete  description  of  this  dis- 
ease, the  clinical  features  of  which  are  well  known.  A  brief  general 
review  of  the  bacteriology  of  pneumococcus,  however,  is  included; 
but  no  attempt  has  been  made  to  present  a  complete  review  of  the 
entire  subject.  Much  work  which  is  undoubtedly  important  has  not 
been  discussed,  and  the  writers  have  aimed  chiefly  to  present  the  re- 
sults of  their  own  work  and  that  of  their  associates  in  The  Rocke- 
feller Institute,  and  to  describe  the  technique  thai  has  been  there 
developed  in  the  etiologic  diagnosis  and  specific  treatment  of  this 
disease.     It  is  hoped  that  this  monograph  may  be  of  aid  to  the 
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worker  in  the  clinical  laboratory  who  assists  in  diagnosis,  to  the 
public  health  worker  who  is  attempting  preventive  measures,  to  the 
manufacturer  who  prepares  immune  serum,  and  to  the  clinician  who 
carries  out  specific  treatment.  To  meet  all  these  requirements  in  a 
small  space  has  demanded  that  the  material  be  very  much  condensed 
and  that,  as  far  as  possible,  theoretic  discussions  be  omitted.  On 
the  other  hand,  the  effort  has  been  made  to  describe  methods  accu- 
rately and  with  considerable  attention  to  detail,  in  order  that  they 
may  be  employed  even  by  those  without  very  extensive  bacteriologic 
training.  It  has  been  thought  best  to  err  on  the  side  of  too  minute 
description  of  details  and,  in  many  cases,  technical  descriptions  of 
very  simple  procedures,  that  are  undoubtedly  quite  familiar  to  trained 
laboratory  workers,  are  included. 

The  problems  concerning  pneumonia  which  remain  to  be  solved  are 
numerous,  and  the  difficulties  of  successfully  applying  serum  treat- 
ment to  all  forms  of  pneumonia  still  seem  almost  unsurmountable. 
Nevertheless,  we  now  possess  considerable  knowledge  concerning 
the  mode  of  spread  of  the  disease,  more  knowledge  indeed  than  we 
have  of  some  other  diseases  that  are  thought  preventable,  and  we 
have  perfected  methods  for  successfully  treating  at  least  a  part  of  the 
cases.  We  believe  that  there  exists  at  present  not  only  the  justi- 
fication for,  but  also  the  duty  of  attempting  to  apply  these  fac^s  on  a 
larger  scale,  especially  at  this  time  when  special  danger  threatens  a 
large  part  of  our  most  valuable  population,  and  when  it  is  so  impor- 
tant that  human  life  be  conserved.  The  application  of  these  facts, 
however,  cannot  be  effectively  made  in  a  crude  haphazard  manner. 
Sufficient  supplies  of  serum  of  standard  potency  must  be  available 
and  public  health  laboratories,  hospital  laboratories,  and  army  field 
hospital  laboratories  must  be  equipped  to  carry  out  the  necessary 
procedures.  In  addition,  there  is  needed  a  very  close  cooperation 
between  the  laboratory  workers  and  those  actually  engaged  in  the 
care  of  patients,  and  the  latter,  as  well  as  the  laboratory  workers, 
should  have  knowledge  of  the  principles  concerned  and  of  the  lab- 
oratory methods  employed. 


DEFINITION  AND  ETIOLOGY. 

Acute  lobar  pneumonia  is  an  acute  infectious  disease,  the  character- 
istic pathologic  feature  of  which  is  a  uniformly  diffuse,  exudative 
inflammation  of  entire  portions  of  one  or  more  lobes  of  the  lung. 
It  has  long  been  a  question  of  dispute,  however,  whether  the  defini- 
tion of  the  disease  shall  be  based  on  pathologic,  etiologic,  or  clinical 
features.  In  our  opinion,  as  far  as  prevention  and  cure  of  the  dis- 
ease are  concerned,  it  is  of  the  greatest  importance  that  the  chief 
stress  should  be  laid  on  the  etiologic  agent.  Lobar  inflammation 
of  the  lung  may  undoubtedly  be  caused  by  a  number  of  different 
bacteria.  The  vast  majority  of  the  lesions,  however,  are  caused 
by  varieties  of  Diplococcus  pneumonia.  Among  529  cases  diag- 
nosed from  the  clinical  and  pathologic  features  as  acute  lobar  pneu- 
monia, the  following  were  the  etiologic  agents  concerned: 

Diplococcus  pneumonia 454 

Friediander's  bacillus 3 

Bacillus  influenza; 6 

Streptococcus  pyogenes 7 

Streptococcus  mucosus 1 

Staphylococcus  aureus 3 

Cases  of  mixed  infection  with  combinations  of  Staphylococcus  aureus, 
Friediander's  bacillus,  B.  influenza:,  Streptococcus  pyogenes,  and 

Streptococcus   viridans 6 

Undetermined  (most  of  them  occurring  before  accurate  methods  for 

determining  the  etiologic  agent  had  been  devised) 49 

Total 529 

It  is  not  important  to  discuss  here  whether  the  pulmonary  lesions 
due  to  Diplococcus  pneumonia;  are  identical  with  those  produced  by 
other  microorganisms.  In  typical  cases,  possibly  in  all,  differences 
are  present.  At  the  present  time,  however,  the  differences  in 
lesions  cannot  be  detected  with  certainty  during  the  life  of  the  pa- 
tient. The  cases  due  to  different  varieties  of  bacteria  are  clinically 
indistinguishable,  though  the  typical  cases  due  to  certain  organisms 
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may  present  certain  fairly  characteristic  features.  With  further 
study  of  large  series  of  cases  in  which  the  etiologic  agent  in  the  in- 
dividual case  is  carefully  determined,  it  may  be  possible  to  devise 
methods  for  making  a  differential  diagnosis  on  clinical  grounds.  At 
present  we  must  rely  on  the  isolation  and  identification  of  the  or- 
ganism concerned  in  each  individual  case.  While  we  recognize, 
therefore,  that  lobar  pneumonia  may  be  due  to  a  number  of  different 
organisms,  in  our  present  study  we  prefer  to  limit  the  discussion  to 
that  form  due  to  Diplococcus  pneumonia,.  As  will  be  shown  later, 
all  pneumococci  are  not  identical,  but  may  be  differentiated  into  sev- 
eral different  types.  This  fact  is  of  fundamental  importance  in  all 
that  concerns  prevention  and  treatment  of  this  disease,  and,  there- 
fore, we  believe  that  from  the  clinical  standpoint,  as  well  as  from 
the  bacteriologic,  the  cases  due  to  the  different  types  of  pneumococci, 
as  well  as  those  due  to  other  varieties  of  bacteria,  should  be  consid- 
ered distinct  clinical  entities.  Instead  of  considering  lobar  pneu- 
monia one  disease,  we  should  consider  it  a  group  of  diseases.  At 
present  we  can  distinguish  no  constant  clinical  or  pathologic  differ- 
ences among  the  cases  due  to  the  different  types  of  pneumococci, 
though  certain  observations  suggest  that  a  clinical  differentiation, 
even  of  these  cases,  may  not  be  entirely  impossible.  Such  a  separa- 
tion of  the  cases  of  pneumonia  is  entirely  analogous  to  what  we  have 
become  accustomed  to  in  the  typhoid-paratyphoid  group  of  infec- 
tions. Clinically  all  the  cases  due  to  this  entire  group  of  organisms 
are  very  similar.  Their  differentiation,  however,  has  become  neces- 
sary for  epidemiologic  and  therapeutic  reasons.  It  is  true  that  the 
different  types  of  organisms  in  the  enteric  group  possess  slight  cul- 
tural differences  in  addition  to  immunologic  ones,  while  the  different 
types  of  pneumococci  differ  from  each  other,  as  far  as  we  can  de- 
tect at  present,  almost  entirely  in  their  immunity  reactions.  These 
latter  differences,  however,  from  the  standpoint  of  prophylaxis  and 
treatment,  are  much  more  important  than  cultural  distinctions. 


DIPLOCOCCUS  PNEUMONIAE. 

In  1881  Pasteur  (21)  described  an  organism,  recovered  from  the  saliva  of  a 
case  of  rabies,  which  produced  a  fatal  septicemia  in  rabbits  and  which  he  desig- 
nated microbe  septicemique  du  salive.  Almost  synchronously,  but  quite  inde- 
pendently, Sternberg  (27)  in  this  country  reported  the  occurrence  of  a  similar 
coccus  in  the  saliva  of  healthy  individuals.  The  microorganism  described  by 
these  two  investigators  is  now  recognized  as  pneumococcus,  or  Diplococcus 
pneumonia:.  At  the  time  these  observations  were  made,  however,  the  pneu- 
mococcus was  not  known  to  be  associated  with  disease  in  man.  It  was  not 
until  the  systematic  investigations  of  Fraenkel  (4)  several  years  later  (1884-85) 
on  the  etiology  of  pneumonia,  and  the  report  of  Weichselbaum  (34)  on  the 
occurrence  of  the  pneumococcus  in  the  blood,  organs,  and  exudates  of  a  large 
series  of  cases  of  this  disease,  that  the  causal  relationship  of  this  organism  to 
lobar  pneumonia  was  established. 

The  original  discovery  of  pneumococcus  in  the  saliva  of  healthy 
individuals,  and  the  later  investigations  which  proved  this  same 
organism  to  be  associated  with  one  of  the  most  fatal  of  the  acute 
infectious  diseases  in  man,  forecast  the  wide  distribution  which  this 
organism  is  now  known  to  possess.  The  fact  that  pneumococcus  may 
vegetate  as  a  harmless  saprophyte  in  the  mouth  secretions  of  normal 
persons,  and  that  this  same  organism  may  give  rise  to  severe  and 
fatal  infections  in  man  is  also  foretold  in  the  early  history  of  its  dis- 
covery. Subsequent  work  by  numerous  investigators  has  abundantly 
confirmed  this  curious  paradox,  but  the  interpretation  of  its  signifi- 
cance in  the  epidemiology  and  specific  therapy  of  pneumonia  has  been 
made  possible  only  by  the  recognition  of  the  biologic  relationships  of 
pneumococci  by  means  of  immunity  reactions. 

Morphology  and  Cultural  and  Other  Biologic  Characteristics. 

Morphology. — Pneumococcus  is  a  Gram-positive  coccus  which  in 
the  exudates  of  infected  animals  and  on  artificial  media  is  typically  a 
lance-shaped  diplococcus.  Variations  in  the  size  and  form  of  the 
cocci  may  be  noticed,  however,  in  different  cultures  and  even  in  the 
individual  organisms  present  in  the  same  culture.     Oval,  round,  and 
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elongated  baciilary  forms  may  occur.  In  young,  actively  growing 
broth  cultures  of  pneumococcus,  chain  formation  is  common,  while  in 
the  same  culture,  after  18  hours'  incubation,  the  organisms  are  usu- 
ally arranged  in  pairs  with  only  an  occasional  short  chain.  In  older 
cultures  of  pneumococcus,  the  organisms  often  appear  Gram-negative, 
swollen,  with  degenerated  and  involuted  forms,  resulting  from  disin- 
tegration and  death  of  the  cells.  Pneumococcus  is  readily  stained 
by  all  the  usual  aniline  dyes.  It  possesses  no  flagella,  is  non-motile, 
and  does  not  form  spores.  Capsules  are  easily  demonstrable  in 
animal  exudates  and,  by  appropriate  methods,  may  be  found  in 
cultures  from  media  enriched  with  blood  or  serum.  The  capsular 
substance  is  most  marked  in  recently  isolated  virulent  strains,  and  is 
readily  lost  on  prolonged  cultivation.  In  Pneumococcus  fnucosus. 
Type  III,  the  capsule  is  so  pronounced  as  to  be  frequently  demon- 
strable by  Gram's  stain,  by  which  method  it  appears  as-  a  negatively 
staining  halo  about  the  Gram-positive  cell  body.  The  exact  signifi- 
cance of  the  capsule  of  pneumococcus  is  not  known.  That  it  may 
serve  as  a  protective  mechanism  of  the  organism  and  that  it  may  in 
some  way  be  related  to  virulence,  is  suggested  by  the  fact  that  cap- 
sular development  is  always  much  more  marked  when  the  organism 
is  grown  in  animal  tissues  in  which  presumptively  there  is  some 
opposition  to  its  development.  Study  of  a  large  number  of  strains 
of  pneumococci  shows  that  there  are  average  differences  in  capsular 
development  between  Types  I,  II,  III,  and  IV  (page  499).  Although 
in  some  strains  of  Type  IV  pneumococci  capsular  formation  is  well 
marked,  in  others  it  is  quite  irregular  and  at  times  impossible  to 
demonstrate,  even  under  the  most  favorable  conditions.  Type  I 
pneumococci  usually  show  well  formed  capsules,  and  in  Type  II  pneu- 
mococci the  capsules  are  quite  easily  demonstrable  and  are  generally 
somewhat  larger  and  denser  than  in  Type  I.  In  Type  III  pneumo- 
cocci capsules  are  always  well  developed,  are  very  large  in  compari- 
son with  the  size  of  the  organisms,  and  may  appear  as  voluminous 
envelopes  about  the  cell  bodies.  In  our  experience  the  amount  of 
capsular  development  seems  to  parallel  the  virulence  of  these  organ- 
isms for  man,  as  measured  by  the  mortality  occasioned  by  the  dif- 
ferent types  in  human  infection.  In  addition,  it  seems  to  be  true 
that  the  greater  the  amount  of  capsular  development,  the  less  the 
amount  of  passive  protection  afforded  by  immune  serum. 
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Cultural  Characteristics. — While  growth  may  be  obtained  on  the 
usual  simple  media,  pneumococcus  is,  nevertheless,  sensitive  to 
slight  variation  in  composition  and  reaction  of  the  media.  On  media 
prepared  from  meat  extract, 'growth  is  irregular  and  at  best  sparse 
and  delicate.  The  pneumococcus  colony  on  the  surface  of  meat  in- 
fusion agar,  which  has  been  enriched  by  the  addition  of  a  small 
amount  of  sterile  defibrinated  rabbit  blood,  presents  certain  charac- 
teristic features.  The  colony  is  small,  moist,  translucent,  discrete, 
and  round,  with  well  defined  edges,  greenish  in  color,  with  a  checker- 
like or  ringed  topography.  The  colony  is  finely  granular,  with  a 
darker  center,  surrounded  by  lighter  ringed  areas.  Pneumococcus 
on  blood  media  produces  a  greenish  zone  of  discoloration  about  the 
colonies. 

In  broth  pneumococcus  grows  diffusely,  producing  a  uniform  tur- 
bidity without  pellicle  and  with  a  slight  flocculent  sediment.  The 
turbidity  of  broth  cultures  begins  to  clear  up  after  24  hours'  incuba- 
tion, corresponding  to  the  period  of  beginning  autolysis  and  the 
passing  into  solution  of  the  disintegrating  bacterial  protein. 

Gelatin  is  not  liquefied;  this  medium,  however,  is  not  well  adapted 
for  the  cultivation  of  pneumococcus,  since  no  growth  of  this  organism 
occurs  at  temperatures  below  25°C. 

In  milk  and  inulin  serum  water 'pneumococcus  produces  acid  and 
coagulation  of  the  medium.  Inulin  fermentation  by  pneumococcus 
is  of  differential  value  in  distinguishing  this  organism  from  strepto- 
coccus. In  studying  the  fermentation  of  inulin  by  pneumococcus, 
various  irregularities  are  encountered.  Although  fermentation  is  the 
rule,  it  is  not  uncommon  to  find  strains  that  fail  to  ferment  this 
carbohydrate,  and,  in  addition,  the  same  strain  ma}'  ferment  it  at 
one  time,  and  fail  to  ferment  it  at  another.  The  failure  to  ferment 
inulin  in  many  instances  may  be  due  to  the  fact  that  not  all  prepara- 
tions of  inulin  are  fermentable  by  pneumococcus,  and  not  infrequently 
different  lots  of  media,  prepared  from  the  same  inulin.  vary  In  their 
suitability  for  growth.  Therefore,  while  inulin  fermentation  is  of 
value  in  differential  diagnosis  of  pneumococcus  from  other  organ- 
isms, this  reaction  should  be  considered  only  as  confirmatory  evidence. 

The  addition  of  simple  carbohydrates  to  culture  media  enhances 
the  initial  growth  of  pneumococcus.     However,  the  amount  of  acid 
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formed  by  pneumococcus  in  sugar-containing  media  quickly  reaches 
a  point  at  which  growth  is  inhibited  and  the  organisms  rapidly  die 
in  the  products  of  their  own  metabolism.  Fermentative  reactions  of 
certain  bacteria  on  selective  carbohydrate  have,  in  some  instances, 
furnished  a  basis  for  differential  classification.  A  study  of  a  large 
number  of  strains  of  pneumococcus  of  known  types  on  a  series  of 
different  carbohydrates  has  so  far  failed  to  show  any  fermentative 
reaction  which  would  afford  a  biochemic  differentiation  corresponding 
to  the  immunologic  classification  of  the  four  types  of  pneumococcus. 
Temperature  and  Oxygen  Requirements. — Pneumococcus  is  not  sen- 
sitive in  its  oxygen  requirement,  and  growth  occurs  equally  well 
under  aerobic  and  anaerobic  conditions.  The  optimum  temperature 
for  cultivation  is  37°C,  the  limits  of  temperature  range  being  25- 
41°C.  The  thermal  death-point  of  pneumococcus  as  determined  by 
Sternberg  is  52°C.  for  10  minutes.  The  viability  of  pneumococcus  on 
artificial  media  is  relatively  short.  It  has  long  been  a  matter  of  com- 
ment that  even  on  suitable  medium  of  proper  reaction  pneumococcus 
sometimes  fails  to  grow.  This  is  especially  common  when  an  attempt 
is  made  to  grow  the  pneumococcus  in  meat  infusion  broth.  In  making 
transfers  from  broth  to  broth  it  is  usually  necessary  to  increase  the 
amount  of  inoculum  in  proportion  to  the  amount  of  broth  in  which 
the  organism  is  to  be  grown  (R36).1  The  usual  amount  of  culture 
that  it  is  necessary  to  transfer  in  order  to  insure  growth  is  about  0.1 
cc.  to  5  cc  of  broth.  It  is  usually  easy  to  start  growth  in  broth  if 
the  inoculation  is  made  from  infected  blood.  A  loop  of  heart's  blood 
of  a  mouse  dead  of  pneumococcus  septicemia  often  suffices  to  initiate 
growth  in  large  amounts  of  broth,  and  always  succeeds  in  amounts  of 
5  to  25  cc.  of  the  medium.  On  the  other  hand,  the  transfer  from 
broth  to  broth  of  pneumococcus  recently  isolated  is  more  difficult 
and  usually  requires  a  considerably  larger  inoculation.  As  a  strain 
becomes  accustomed  to  growth  in  broth,  reinoculations  into  this  me- 
dium grow  with  more  regularity,  although  always  requiring  the 
relatively  large  inoculum  already  referred  to.  Chesney  (-2)  has  shown 
that  transfers  of  pneumococcus  made  during  the  period  of  maximum 
rate  of  growth  grow  readily  and  without  the  latent  period  of  de- 

1  R  before  reference  numbers    indicates  that   the  title  appears    among  the 
papers  by  the  Staff  of  the  Hospital  of  The  Rockefeller  Institute  (page  588). 
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velopment  which  is  characteristic  of  older  cultures.  Kirkbride  (6) 
has  further  shown  that  when  transfers  in  broth  are  made  at  8  hour 
intervals,  pneumococcus  maintains  its  animal  virulence  for  long 
periods  of  time,  whereas  cultures  made  at  24  hour  periods  rapidly  lose 
their  virulence. 

Viability. — The  addition  of  defibrinated  rabbit  blood  to  media  not 
only  enhances  the  growth  of  pneumococcus,  but  prolongs  the  life  of 
the  culture.  Cultures  of  pneumococcus  in  blood  broth  preserved  in 
the  ice  box  remain  viable  for  several  weeks.  One  of  the  best  methods 
for  preserving  pneumococcus  cultures  is  that  devised  by  Heim  (5), 
by  storing  the  dried  spleens  of  infected  mice.  At  the  time  of  autopsy 
the  spleen  of  the  infected  mouse  is  removed  and  transferred  to  a 
small  sterile  glass  tube.  The  infected  organ  is  quickly  dried  in 
vacuum  and  the  desiccated  tissue  kept  sealed  in  the  cold,  unexposed 
to  light.  Pneumococcus  thus  preserved  maintains  its  viability  and 
virulence  for  months.  The  culture  may  be  recovered  by  grinding  up 
the  desiccated  spleen  in  a  sterile  mortar  with  a  little  broth  and  in- 
jecting the  organ  emulsion  intraperitoneally .  into  a  mouse,  from 
which  the  pneumococcus  can  in  turn  be  recovered  in  culture.  In 
selecting  spleens  for  preservation,  care  should  be  taken  to  choose 
those  from  animals  in  which  no  mouse  typhoid  infection  exists. 
Mouse  typhoid  is  a  common  infection  in  mice,  frequently  responsible 
for  the  death  of  large  numbers  when  it  becomes  widespread.  Mice 
which  are  apparently  healthy  frequently  carry  the  bacillus  of  mouse 
typhoid  in  the  intestine,  and  when  these  animals  are  experimentally 
infected  with  pneumococcus,  the  typhoid  organism  becomes  active 
and  invades  the  blood,  tissues,  and  body  cavities.  It  is  difficult  to 
obtain  pure  cultures  of  pneumococcus  from  such  mice  because  of  the 
rapidity  and  vigor  with  which  Bacillus  typhi  murium  grows  on  arti- 
ficial media,  and  because  of  its  great  virulence  for  these  animals. 

Bile  Reaction. — Neufeld  (13)  first  observed  the  fact  that  pneumo- 
coccus in  the  presence  of  bile  undergoes  solution.  Bile  solubility  is 
now  recognized  as  a  distinctive  biologic  character  of  pneumococcus, 
and  serves  to  differentiate  it  from  closely  allied  organisms,  such  as 
streptococcus.  The  active  substance  responsible  for  the  lytic  action 
of  bile  on  pneumococcus  is  cholic  acid.  In  earning  out  the  test, 
whole  bile  or  10  per  cent  solution  of  sodium  taurocholate  or  sodium 
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glycocholate  in  physiologic  salt  solution  may  be  used.  One-fifth  to 
one-tenth  volume  of  bile  will  cause  solution  of  an  actively  growing 
broth  culture  of  pneumococcus.  Heat-killed  pneumococci  lose  their 
bile  solubility.  The  presence  of  serum  in  pneumococcus  cultures 
inhibits  or  completely  arrests  the  lytic  action  of  bile.  Neufeld 
reports  the  insolubility  of  certain  avirulent  strains  of  pneumococcus. 
This  phenomenon  of  insolubility,  however,  must  be  comparatively 
rare,  since  among  several  hundred  strains  of  pneumococcus  isolated 
by  us  from  lobar  pneumonia,  none  has  failed  to  be  dissolved  by  bile. 
In  the  diagnosis,  then,  of  virulent  pneumococcus,  considerable  reliance 
may  be  placed  on  the  bile  reaction. 

Virulence. — The  virulence  of  pneumococcus  is  variable;  it  is  attenu- 
ated by  prolonged  cultivation  on  artificial  media,  and  increased  by 
animal  passage.  The  virulence  of  pneumococcus  for  one  animal 
species  does  not  necessarily  imply  similar  invasiveness  for  the 
tissues  of  another.  Pneumococcus  recovered  from  lesions  in  man 
does  not  invariably  possess  increased  virulence  for  susceptible  ani- 
mals. Pneumococci  isolated  from  the  blood  of  pneumonia  patients,  as 
a  rule,  are  of  such  virulence  that  0.000001  cc.  of  broth  culture  kills 
white  mice  in  less  than  36  hours.  On  the  other  hand,  strains  have 
been  recovered  from  the  same  source  which  possess  only  moderate 
virulence,  failing  to  kill  white  mice  in  much  larger  doses.  The  study 
of  the  virulence  of  pneumococcus  isolated  from  the  circulating  blood 
during  lobar  pneumonia  indicates  that  in  general  the  intoxication  is 
more  severe  and  the  prognosis  graver,  the  greater  the  virulence  of  the 
infecting  pneumococcus.  Since,  however,  virulence  can  only  be  ex- 
perimentally tested  in  a  different  species,  and  since  the  defensive 
mechanism  of  the  host  is  variable,  no  direct  measure  of  virulence  in 
man  is  available.  However,  as  will  be  shown  later  in  the  discussion 
of  the  biologic  types  of  pneumococci,  infection  with  pneumococci  of 
the  various  types  results  in  differences  in  mortality  which  are  fairly 
constant. 

In  addition  to  pneumonia,  pneumococcus  may  give  rise  to  inflam- 
mation of  the  upper  respiratory  tract  and  the  accessory  sinuses  of  the 
nose.  Infection  of  the  middle  ear  and  invasion  of  the  meninges  may 
also  be  due  to  pneumococcus.  Primary  peritonitis  of  pneumococcus 
origin  may  occur,  especially  in  young  children.     Focal  infections,  as 
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empyema,  peritonitis,  pericarditis,  endocarditis,  arthritis,  and  lung 
abscess  due  to  pneumococci,  may  occur  as  sequelae  of  pneumonia. 

Toxin  Production. — Pneumococcus  is  a  highly  pathogenic  micro- 
organism which  is  not  known  to  secrete  a  soluble  toxin,  and  whose 
harmful  effects  are  supposed  to  be  due  either  to  the  setting  free  of 
intracellular  toxins,  or  to  toxic  split  products  formed  by  the  disinte- 
gration of  bacterial  protein  (R28),  or  possibly  directly  to  the  meta- 
bolic activities  of  the  bacteria  themselves  (R29).  When  the  bodies 
of  pneumococci  are  dissolved  either  by  the  action  of  bile  salts,  autoly- 
sis, or  by  alternate  freezing  and  thawing,  the  resulting  bacterial  solu- 
tion is  actively  hemolytic  for  red  blood  corpuscles  and  is  acutely 
toxic  for  animals  (R18,  R23).  Intravenous  injection  of  such  solutions 
of  pneumococcus  produces  death  in  rabbits  and  guinea  pigs  with  acute 
symptoms  resembling  those  of  anaphylactic  death.  The  hemolytic 
substance  is  thermolabile  and  its  activity  is  lost  by  passage  through  a 
Berkefeld  filter,  and  destroyed  by  proteolytic  digestion  with  trypsin. 
Both  the  hemolytic  and  toxic  properties  of  this  substance  are  influ- 
enced by  the  same  measures,  and  the  potency  of  both  is  to  some 
degree  dependent  upon  the  virulence  of  the  pneumococcus  from 
which  the  substance  is  derived.  The  lytic  action  of  the  hemotoxin,  as 
well  as  its  harmful  effects  in  animals,  may  be  inhibited  by  cholesterol 
and  partially  neutralized  by  immune  serum.  Neutralization  by  anti- 
pneumococcic  serum,  however,  is  incomplete  and  not  strictly  specific. 
Pneumococcus  hemotoxin  is  not  simply  a  product  of  autolysis,  but 
undoubtedly  exists  preformed  in  the  bacterial  cell  as  a  hemolytic 
endotoxin. 

The  production  of  methemoglobin  by  pneumococcus  is  another 
phenomenon  the  occurrence  of  which  may  in  some  way  be  concerned 
with  the  harmful  effect  of  this  organism  in  disease.  The  transfor- 
mation of  hemoglobin  into  methemoglobin  by  pneumococcus  occurs 
only  in  the  presence  of  free  oxygen  and  the  riving  bacterial  cell. 
Culture  filtrates  and  bacterial  extracts  of  pneumococcus,  when  free 
from  living  organisms,  do  not  induce  the  methemoglobin  reaction. 

Precipitable  Substance  (R6,  R7). — Pneumococcus  during  the  early 
stages  of  its  growth  forms  a  readily  soluble  substance  which  diffuses 
into  the  culture  medium  in  vitro ,  and  in  human  and  animal  infections 
is  present  in  the  circulating  blood,  whence  it  passes  through  the  kid- 
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neys  into  the  urine.  This  specific  substance  appears  in  the  culture 
medium  in  considerable  amounts  as  soon  as  the  pneumococci  start 
to  grow.  Its  early  presence  is  not  attributable  to  the  death  and 
subsequent  disintegration  of  the  bacterial  cell,  but  it  is  due  to  the 
extrusion  into  the  medium  of  bacterial  substance  during  the  life 
processes  of  the  organism. 

One  of  the  chief  points  of  interest  in  the  discovery  of  the  soluble 
substance  of  pneumococcus  is  that  it  raises  the  question  whether 
this  substance  is  in  any  way  responsible  for  the  intoxication  which 
attends  pneumococcus  infection.  Studies  to  ascertain  the  answer 
to  this  question  are  being  carried  on  at  the  present  time,  but  have 
not  yet  progressed  to  the  point  at  which  a  definite  answer  can  be 
given.  It  may  be  said,  however,  that  its  toxicity  is  in  no  way  com- 
parable with  that  of  diphtheria  toxin.  On  the  other  hand,  it  possesses 
a  degree  of  toxicity  which,  exhibited  throughout  the  course  of  an  in- 
fection, might  account  for  the  signs  of  intoxication  in  lobar  pneumonia. 

Differential  Diagnosis. 

Although  a  differential  diagnosis  is  not  always  simple,  pneumococcus 
possesses  certain  cardinal  characteristics  by  virtue  of  which,  in  most 
instances,  it  may  be  readily  distinguished  from  closely  allied  organ- 
isms, as  streptococcus.  Pneumococcus  is  bile-soluble,  possesses  a 
capsule,  ferments  inulin,  is  extremely  pathogenic  for  mice,  and  on 
blood  agar  forms  a  small,  moist,  flat,  ringed,  checker-like  colony 
with  a  greenish  zone  of  methemoglobin  about  it.  Moreover,  as  will 
be  discussed  later,  the  various  types  of  pneumococci  react  specifically 
with  their  homologous  immune  sera.  Streptococcus,  on  the  other 
hand,  is  not  bile-soluble,  does  not  ferment  inulin,  is  less  virulent  for 
mice;  on  blood  media  the  colony  is  more  opaque  and  raised,  drier, 
and  more  coarsely  granular,  without  the  surface  markings  or  ringed 
topography  characteristic  of  pneumococcus,  and  is  surrounded  by  a 
zone  of  either  hemolysis  or  green  pigmentation. 

Considerable  confusion  still  exists  in  bacteriologic  literature  re- 
garding the  identity  of  so  called  Pneumococcus  mucosus  and  Strepto- 
coccus mucosus.  Pneumococcus  mucosus,  or  Type  III  pneumococcus, 
possesses  the  characteristics  already  described  as  typical  of  pneumo- 
coccus; it  is  bile-soluble,  ferments  inulin,  possesses  a  voluminous  cap- 
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sule,  is  extremely  virulent  for  mice,  and  produces  greenish  discolora- 
tion of  blood  media.  Streptococcus  mucosus,  on  the  other  hand,  while 
having  a  similar  mucoid,  heaped  up,  confluent  colony,  and  possessing 
a  capsule,  is,  however,  not  bile-soluble,  does  not  split  inulin,  is  not 
so  pathogenic  for  mice,  and  has  a  greater  tendency  to  produce  hemo- 
lysis on  blood  agar.  Finally,  this  organism,  like  other  streptococci, 
does  not  react  specifically  with  Antipneumococcic  Serum  Type  III. 

Biologic  Classification. 

With  recent  advances  in  bacteriology  and  the  knowledge  gained 
from  attempts  to  apply  the  principles  of  bacterial  immunity  to  human 
disease  has  come  the  recognition  of  the  fact  that,  in  addition  to  the 
grosser  classification  of  bacteria,  certain  finer  characteristics  exist 
which  serve  to  differentiate  still  further  members  of  the  same  bac- 
terial species.  Through  the  work  of  Neufeld  (16)  and  his  asso- 
ciates, it  was  demonstrated  that  all  races  of  pneumococci  are  not 
identical  as  far  as  their  immunologic  reactions  are  concerned.  When 
the  study  of  pneumonia  at  the  Hospital  of  The  Rockefeller  Institute 
was  undertaken,  a  large  number  of  races  of  pneumococci  from  cases 
of  pneumonia  was  isolated  and  the  immune  reactions  of  these  were 
carefully  studied  (R33,  R20,  R35).  Animals  were  immunized  to  each 
of  these  strains,  and  the  immunity  reactions  of  all  of  them  to  the 
various  immune  sera  so  obtained  were  studied.  Not  only  was  the 
agglutinability  of  the  various  races  in  each  of  the  sera  determined, 
but  also  the  power  of  each  of  the  sera  to  protect  mice  from  infection 
with  each  of  the  strains.  The  results  of  these  studies  revealed  the  in- 
teresting fact  that  pneumococci  fall  into  two  general  classes.  The 
larger  of  these  consists  of  pneumococci  of  Types  I,  II,  and  III,  which 
comprise  about  80  per  cent  of  all  strains  encountered  in  disease,  and 
which  represent  three  apparently  fixed  types  of  highly  parasitic  or- 
ganisms, each  possessing  common  immunologic  characters.  Indi- 
vidual strains  of  Type  I  and  Type  II  are  characterized  by  the  pos- 
session of  immunity  reactions  common  to  all  other  members  of  the 
homologous  group.  A  number  of  variants  of  Type  II  pneumococcus 
have  been  found  (R4),  a  condition  of  considerable  theoretic  interest, 
the  practical  importance  of  which,  however,  is  not  sufficiently  great 
to  warrant  detailed  discussion  here.     Type  III  consists  of  Pneumo- 
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coccus  tnucosus,  an  organism  distinguished  from  other  types  by  mor- 
phologic and  cultural,  as  well  as  immunologic  differences,  and  related 
to  other  strains  of  the  same  type  by  common  immunologic  reactions 
(R38). 

The  smaller  of  these  two  main  classes,  which  has  been  called  Type 
IV,  represents  about  20  per  cent  of  the  strains  isolated  from  cases  of 
lobar  pneumonia,  and  is  the  type  most  frequently  encountered  in 
the  mouth  secretions  of  normal  individuals.  Type  IV  pneumococci 
possess  greater  heterogeneity  and  consist  for  the  most  part  of  indi- 
vidual strains  which  are  not  interrelated.  As  originally  described, 
this  group  was  considered  peculiar  in  that  it  seemed  to  comprise  a 
heterogeneous  series  of  independent  varieties,  none  of  which  ex- 
hibited immunity  reactions  common  to  the  other  types  or  to  each 
other.  However,  more  recent  study  by  Olmstead  (19)  of  a  large  series 
of  strains  of  Pneumococcus  Type  IV  has  shown  that  this  group  may 
contain  smaller  groups,  the  members  of  each  one  of  which  possess 
certain  characteristic  immunologic  properties.  These  studies  of 
Type  IV  pneumococcus  are  of  interest  and  the  results  hold  promise 
of  practical  application.  At  present,  however,  the  work  has  not 
progressed  to  a  point  where  practical  use  of  it  can  be  made,  and  hence 
it  would  be  premature  to  discuss  this  group  from  the  standpoint  of 
specific  therapy. 

TABLE   I. 
Occurrence  of  Various  Types  of  Pneumococcus  in  Lobar  Pneumonia  (454  Cases). 


Pneumococcus 
type. 

Incidence. 

per  tent 

I 

151 

33.3 

II 

133 

29.3 

II  (atypical)* 

19 

4.2 

III 

« 

59 

13.0 

IV 

92 

20.3 

*The  incidence  of  atypical  Type  II  pneumococci  has  been  determined  only 
during  the  last  2  years. 

From  Table  I  it  is  evident  that  Pneumococcus  Type  I  is  the  most 
common  cause  of  infection  in  man,  giving  rise  to  about  one-third  of 
the  cases.     Type  II  is  next  in  frequency,  and  these  two  types  together 
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give  rise  to  over  60  per  cent  of  cases  of  lobar  pneumonia,  at  least  in 
those  localities  in  the  United  States  in  which  studies  of  types  of  pneu- 
mococcus  have  been  made.  Pneumococcus  mucosas  (Type  III)  gives 
the  lowest  incidence  in  disease  of  the  different  types  of  pneumococcus. 
Type  IV  is  responsible  for  about  20  per  cent  of  cases,  although  the 
incidence  of  cases  due  to  this  organism  seems  to  vary  somewhat  in 
different  localities. 

The  accuracy  with  which  these  types  may  be  differentiated  and 
the  constancy  of  their  relative  frequency  in  disease  and  health  em- 
phasize the  importance  of  their  recognition  in  clinical  and  epi- 
demiologic studies.  The  exactness  with  which  the  large  number  of 
strains  studied  has  conformed  to  type  indicates  the  extraordinary 
uniformity  and  comparative  fixity  of  the  specific  groups.  These 
distinctive  differences  in  immunologic  properties  of  pneumococcus 
not  only  offer  a  reliable  method  for  the  more  exact  determination  of 
the  varieties  of  pneumococcus,  but  afford  the  only  rational  basis 
for  the  study  of  the  epidemiology  and  immunotherapy  of  pneumococcal 
infections. 

Culture  Media  and  Staining  Methods. 

In  the  preparation  of  media  suitable  for  growth  of  pneumococcus, 
attention  should  be  paid  to  the  following  points : 

1.  All  media  should  be  prepared  directly  from  infusion  of  fresh 
meat  and  not  from  beef  extract. 

2.  Reaction  of  the  media  should  be  from  0.3  to  0.5  acid  to 
phenolphthalein. 

3.  In  the  sterilization  of  the  media,  care  should  be  taken  to  avoid 
excessive  heating.  Media  should  be  sterilized  by  the  Arnold  method, 
20  minutes  on  3  successive  days,  and  should  not  be  autoclaved. 

The  following  procedure  has  been  found  to  give  satisfactory  results 
in  the  preparation  of  broth  and  agar  for  cultivation  of  pneumococcus: 

Nutrient  Broth  and  Agar. — 1  pound  of  lean  chopped  beef  is  allowed  to  infuse 
in  a  liter  of  tap  water  over  night  on  ice.  The  unfiltered  meat  infusion  is  boiled 
for  30  minutes,  filtered  through  paper,  and  the  loss  by  evaporation  made  up  by 
the  addition  of  water.  1  per  cent  peptone  and  0.5  per  cent  sodium  chloride  are 
now  added.  1.5  per  cent  agar  may  be  added  at  this  point  if  agar  is  desired.  The 
mixture  is  allowed  to  boil  for  2  minutes  in  the  case  of  broth,  or,  if  for  agar,  until 
the  agar  is  dissolved.     Titration  to  the  neutral  point  with  normal  sodium  hy- 
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droxide  is  then  carefully  carried  out.  Media  are  then  boiled  for  6  or  7  minutes, 
made  up  to  volume,  and  filtered  clear,  and  sterilized  in  the  Arnold  sterilizer  for 
20  minutes  on  3  successive  days.  The  media  should  finally  titer  0.3  to  0.5  acid 
to  phenolphthalein. 

Blood  Agar. — For  enrichment  purposes,  the  addition  of  a  small  amount  of 
sterile  defibrinated  rabbit  blood  to  media  prepared  as  above  is  recommended. 
The  addition  of  three  or  four  drops  of  sterile  blood  to  4  or  5  cc.  of  agar  or  bouillon 
serves  as  ample  enrichment  and  provides  most  suitable  medium  for  the  growth 
and  preservation  of  pneumococcus  cultures.  Blood  may  be  obtained  either  from 
the  ear  vein  of  a  rabbit  or  by  direct  heart  puncture.  Drawn  directly  into  a 
small  sterile  container  with  glass  beads,  the  defibrinated  blood  can  be  preserved 
for  a  week  or  more,  and  the  method  is,  therefore,  economical. 

Serum  Water  Medium  for  Fermentation  Tests. — For  the  determination  of 
inulin  fermentation  by  pneumococcus,  the  following  medium  devised  by  Hiss  is 
used,  a  positive  reaction  being  indicated  by  the  production  of  acid  and  the  coagu- 
lation of  the  serum  protein.  Clear  beef  serum  is  added  to  2  or  3  volumes  of 
distilled  water.  Heat  the  mixture  for  15  minutes  in  an  Arnold  sterilizer  at 
100°C.  to  destroy  ferments  present  in  the  serum.  Add  5  per  cent  aqueous  litmus 
solution  to  a  concentration  of  1  per  cent  or  an  amount  sufficient  to  give  a  deep 
blue  color.  Add  inulin  to  the  serum  water  to  a  concentration  of  1  per  cent.  The 
inulin  may  be  best  sterilized  by  autoclaving  at  15  pounds'  pressure  for  15  min- 
utes.    Sterilize  the  inulin  serum  water  by  the  fractional  method,  100°C. 

Preparation  of  Bile  for  Testing  the  Solubility  of  Pneumococcus. — Fresh  ox  bile, 
obtained  directly  from  the  slaughter  house,  is  autoclaved  for  20  minutes,  at  15 
pounds'  pressure.  The  bile  is  filtered  to  remove  the  precipitate  formed  on  heat- 
ing and  again  autoclaved.  The  sterile  bile  is  then  ready  for  use.  Heat  does  not 
destroy  the  lytic  action  of  bile.  While  different  samples  of  bile  vary  in  their  con- 
tent of  the  salts  of  cholic  acid  and  hence  in  their  ability  to  dissolve  pneumococcus, 
for  routine  purposes  the  bile  reaction  may  be  carried  out  by  the  addition  of  one- 
fifth  to  one-tenth  volume  of  whole  bile  to  plain  broth  culture  of  pneumococcus. 

Stains  for  Pneumococcus.     Gram's  Stain  (Sterling's  Modification). — 

Gentian  violet 5  gm. 

Alcohol,  95  per  cent 10  cc. 

Aniline  oil 2 

Distilled  water 88  " 

The  aniline  oil  and  alcohol  are  mixed  by  shaking,  and  the  distilled  water  is 
added.  The  gentian  violet  is  ground  in  a  mortar  and  the  aniline  solution 
added  while  grinding.     The  solution  is  stable  3  to  4  months  and  stains  rapidly. 

Cram's  Iodine  Solution. — 

Iodine 1  gm. 

Pot  assium  iodide ...    2 

Dissolve  in  20  cc.  of  distilled  water.     Add  300  cc.  of  distilled  water. 
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Safranin  Counterslain. — 10  per  cent  aqueous  solution  of  a  saturated  alcoholic 
solution  of  safranin. 

Hiss'  Capsule  Slain. — Preparations  are  best  made  by  direct  films  from 
pneumococcus  exudates.  Dry  in  air  and  fix  by  heat.  Stain  for  a  few  seconds 
with  saturated  alcoholic  solution  of  fuchsin  or  gentian  violet,  5  cc,  in  distilled 
water,  95  cc.  Flood  the  slide  with  the  dye  and  hold  the  preparation  for  a 
second  over  a  free  flame  until  it  steams.  Wash  off  the  dye  with  20  per  cent 
aqueous  copper  sulfate  solution.    Blot;  do  not  wash  in  water. 

By  this  method  the  capsule  appears  as  a  faint  blue  halo  around  a  dark  purple 
cell  body.  Better  results  may  frequently  be  obtained  by  omitting  heat  fixation 
and  by  washing  off  the  dye  with  the  copper  sulfate  solution  as  soon  as  it  begins 
to  steam.     Water  should  not  be  applied  at  any  stage  of  the  procedure. 


ETIOLOGIC  DIAGNOSIS. 

If  we  possessed  no  methods  for  specific  treatment  or  for  instituting 
specific  preventive  measures,  the  determination  of  the  etiologic  agent 
in  each  individual  case  of  lobar  pneumonia  would  not  be  of  great  im- 
portance. However,  since  it  is  now  known  that  certain  cases  of 
pneumonia  may  be  successfully  treated  with  the  serum  of  immune 
animals,  provided  that  the  organism  used  in  preparing  the  serum  is 
identical  with  that  causing  the  infection,  etiologic  diagnosis  becomes 
imperative.  Practical  and  quite  rapid  methods  have  now  been  de- 
vised for  the  detection  of  the  organism  causing  the  disease,  even  for 
the  differentiation  of  the  specific  types  of  pneumococci.  This  etio- 
logic diagnosis  is,  however,  not  only  of  importance  in  relation  to 
serum  therapy,  but  has  an  important  bearing  on  prognosis  and  is 
essential  for  acquiring  knowledge  concerning  the  epidemiology  of  this 
disease. 

For  the  determination  of  the  etiologic  agent  in  cases  due  to  other 
organisms  than  pneumococcus,  the  same  general  methods  are  applica- 
ble as  in  cases  due  to  pneumococcus.  In  certain  cases,  as  those  due 
to  Friedlander's  bacillus,  streptococcus,  or  staphylococcus,  the  micro- 
scopic examination  of  the  sputum  gives  much  information,  and  cul- 
tures of  the  sputum  made  on  agar  plates  may  show  a  great  predomi- 
nance of  the  organisms  causing  the  disease.  When  the  sputum  from 
these  cases  is  inoculated  into  a  mouse,  as  in  the  method  about  to  be 
described,  these  organisms  outgrow  the  ordinary  mouth  saprophytes 
just  as  do  pneumococci.  Blood  cultures  from  the  patient,  when 
positive,  give,  of  course,  clear  evidence  as  to  the  nature  of  the 
infection. 

In  the  cases  due  to  pneumococcus  it  is  important  not  only  to 
determine  that  the  infection  is  due  to  this  bacterium,  but  it  is  also  of 
prime  importance  to  determine  the  specific  type  of  pneumococcus 
causing  the  infection,  since  treatment  with  serum  is  only  applicable 
in  the  cases  due  to  Type  I  organisms. 

The  following  is  a  description  of  the  various  procedures  employed 
in  the  isolation  of  pneumococci  and  determination  of  the  specific  types  r 
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Isolation  of  Pneumococci. 

Organization  of  Laboratory. — In  order  that  these  methods  may  be  of 
practical  value,  hospital  and  Board  of  Health  laboratories  should  be 
so  organized,  if  possible,  that  diagnoses  can  be  made  at  any  time, 
day  or  night.  Arrangements  for  the  rapid  transmission  of  the  speci- 
men of  sputum  to  the  laboratory  are  of  great  importance,  since  the 
diagnosis  must  be  made  rapidly  if  the  best  results  from  serum  therapy 
are  to  be  obtained.  After  a  moderate  amount  of  experience  by  the 
laboratory  worker,  the  method  can  be  carried  out  with  much  rapidity, 
especially  where  a  number  of  diagnoses  are  to  be  made  at  the  same 
time;  and  where  the  work  is  properly  organized,  public  health  lab- 
oratories should  not  find  that  the  introduction  of  this  procedure 
into  their  routine  adds  a  great  burden.  For  the  actual  carrying 
out  of  the  procedure,  the  comparatively  simple  equipment  of  any 
bacteriologic  laboratory  is  sufficient.  Facilities  for  the  proper  col- 
lection and  microscopic  examination  of  sputum,  together  with  means 
for  its  inoculation  into  mice,  and  the  simple  requirements  for  mouse 
autopsy  and  bacterial  cultivation  are  all  the  equipment  -necessary. 

Collection  of  Sputum. — Care  should  be  exercised  in  the  collection 
of  sputum  to  obtain  a  specimen  from  the  deeper  air  passages,  as  free 
as  possible  from  saliva.  This  can  be  done  in  practically  all  cases, 
even  the  most  difficult,  with  a  little  persistence.  The  sputum  is  col- 
lected in  a  sterile  Esmarch  dish,  or  other  suitable  container,  and 
should  be  sent  at  once  to  the  laboratory  for  examination.  When 
delay  is  unavoidable,  the  specimen  should  be  kept  on  ice  during  the 
interval. 

Microscopic  Examination  of  Sputum. — Direct  films  of  sputum  are 
stained  by  Gram,  by  Ziehl-Neelsen,  and  by  Hiss  capsule  stains. 
This  serves  to  give  an  idea  of  the  nature  of  the  organisms  present 
and  an  indication  of  the  source  of  the  sputum.  Suitable  lung  speci- 
mens of  sputum  are  relatively  free,  in  most  instances,  from  contami- 
nating mouth  organisms.  It  is  frequently  possible  to  identify  Type 
III  (Pneumococcus  mucosas)  organisms  when  they  are  present,  as 
they  possess  very  large,  distinct  capsules,  staining  by  both  Gram's 
and  Hiss'  methods. 

Mouse  Inoculation. — A  small  portion  of  the  sputum,  about  the  size 
of  a  bean,  is  selected  and  washed  through  three  or  four  changes  of 
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sterile  salt  solution  in  sterile  Esmarch  or  Petri  dishes  to  remove  sur- 
face contaminations.  When  the  sputum  is  too  friable  or  when  the 
specimen  is  relatively  free  from  secondary  organisms,  this  washing 
process  may  be  omitted.  In  either  event,  the  kernel  of  sputum  se- 
lected is  transferred  to  a  sterile  mortar,  ground  up,  and  emulsified 
with  about  1  cc.  of  sterile  bouillon  or  salt  solution,  added  drop  by 
drop,  until  a  homogeneous  emulsion  is  obtained  that  will  readily  pass 
through  the  needle  of  a  small  syringe.  With  a  sterile  syringe  0.5  to 
1  cc.  of  this  emulsion  is  inoculated  intraperitoneally  into  a  white 
mouse  (Figs.  1,  2,  and  3).  The  pneumococcus  grows  rapidly  in  the 
mouse  peritoneum,  while  the  majority  of  other  organisms  rapidly  die 
off,  with  the  exception  of  Friedlander's  bacillus,  Bacillus  influenza,  and 
occasionally  Micrococcus  catarrhalis,  staphylococcus,  and  strepto- 
coccus. Pneumococcal  invasion  of  the  blood  stream  also  occurs  early. 
Bacillus  influenza,  if  present,  likewise  invades  the  blood  stream; 
other  organisms,  as  a  rule,  do  not.  The  time  elapsing  before  there  is 
sufficient  growth  of  pneumococcus  in  the  mouse  peritoneum  for  the 
satisfactory  determination  of  type  varies  with  the  individual  case, 
depending  upon  the  abundance  of  pneumococci  in  the  specimen  of 
sputum  and  the  virulence  and  invasiveness  of  the  strain  present. 
It  may  be  from  5  to  24  hours,  averaging  6  to  8  hours  with  the  para- 
sitic fixed  types  I,  II,  and  III.  As  soon  as  the  injected  mouse 
appears  sick,  a  drop  of  peritoneal  exudate  is  removed  by  means  of 
peritoneal  puncture  with  a  sterile  capillary  pipette,  spread  on  a  slide, 
stained  by  Gram's  method,  and  examined  microscopically  to  deter- 
mine whether  there  is  an  abundant  growth  of  pneumococcus  present. 
If  there  is  an  abundant  growth  of  pneumococcus  alone,  the  mouse  is 
killed  and  the  determination  of  type  proceeded  with.  If  the  growth 
is  only  moderate,  or  if  other  organisms  are  present  in  any  quantity, 
further  time  must  be  allowed  until  subsequent  examination  of  the 
peritoneal  exudate  shows  an  abundant  growth  of  pneumococcus.  It 
should  be  emphasized  that  undue  haste  in  killing  the  mouse  is  time 
lost  in  the  end. 

Mouse  Autopsy  (Fig.  4).— As  soon  as  the  mouse  is  killed  or  dies, 
the  peritoneal  cavity  is  opened  with  sterile  precautions  and  cultures 
are  made  from  the  exudate  in  plain  broth  and  on  one-half  of  a  blood 
agar  plate.  Films  are  made  and  stained  for  microscopic  examination 
by  Gram's  stain  and  Hiss'  capsule  stain.  The  peritoneal  exudate 
is  then  washed  out  by  means  of  a  sterile  glass  pipette  with  4  to  5  cc. 
of  sterile  salt  solution,  the  washings  being  placed  in  a  centrifuge  tube. 
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Cultures  are  then  made  from  the  heart's  blood  in  plain  broth  and  on 
the  other  half  of  the  blood  agar  plate. 

Determination  of  Types  of  Pneumococcus. 

Agglutination  Method. — -When  the  pneumococcus  is  present  in 
pure  culture  in  the  peritoneal  exudate,  the  determination  of  type  may 
satisfactorily  be  made  by  macroscopic  agglutination  tests,  as  follows: 
The  peritoneal  washings  are  centrifuged  at  low  speed  for  a  few  min- 
utes until  the  cells  and  fibrin  contained  in  the  exudate  are  thrown 
down.  The  supernatant  bacterial  suspension  is  transferred  into  a 
second  centrifuge  tube  and  centrifuged  at  high  speed  until  the  or- 
ganisms are  thrown  out.  The  supernatant  fluid  is  discarded  and  the 
bacterial  sediment  taken  up  in  sufficient  salt  solution  to  make  a 
moderately  heavy  suspension.  The  concentration  of  bacteria  should 
be  similar  to  that  of  a  good  18  hour  broth  culture  of  pneumococcus. 
This  suspension  is  used  directly  for  macroscopic  agglutination  tests, 
being  mixed  with  dilutions  of  immune  serum  in  small  test-tubes  in 
equal  quantities  of  0.5  cc.  each. 

To  obviate  the  difficulty  that  occasionally  arises  from  the  occur- 
rence of  Type  IV  strains  that  show  cross  agglutination  in  all  three 
immune  sera,  the  optimum  dilutions  of  serum  and  the  optimum  in- 
cubation time  that  will  surely  identify  all  type  strains  and  fail  to  give 
any  cross  agglutination  reactions,  have  been  determined  on  a  large 
series  of  strains.2     The  results  are  shown  in  Table  II. 

TABLE    II. 
Determination  of  Pneumococcus  Types  by  Agglutination. 


Pneumococcus 
suspension  0.5  cc. 


Type  I. 


II. 


Subgroups  Ha,  b,  x. 

Type  III 

"    IV 


Serum  I 
(1:20) 
0.5  cc. 


+  + 


Serum  II 

(undiluted) 

0.5  cc. 


+  + 
+ 


Serum  II 
(1:20) 
0.5  cc. 


+  + 


Serum  III 
(1:5) 
0.5  cc. 


+  + 


Incubation  for  1  hour  at  37°C. 


2 The  dilutions  of  immune  serum  indicated  in  both  the  agglutinin  and  pre- 
cipitin tests  refer  only  to  the  antipneumococcic  serum  in  use  at  the  Hospital  of 
The  Rockefeller  Institute.  As  various  lots  of  serum  may  differ  in  agglutinin  and 
precipitin  content,  the  concentration  of  serum  required  to  assure  specificity  of 
reaction  may  vary  somewhat  from  the  figures  given  in  Tables  II  and  III. 
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From  Table  II  it  will  be  seen  that  a  1 :  20  dilution  of  Type  I  serum, 
making,  with  the  addition  of  an  equal  amount  of  pneumococcus  sus- 
pension, a  final  dilution  of  1 :  40,  a  1 :  20  dilution  of  Type  II  serum, 
making  a  final  dilution  of  1 :  40,  and  a  1 :  5  dilution  of  Type  III 
serum,  making  a  final  dilution  of  1 :  10,  serve  to  agglutinate  Types  I, 
II,  and  III  pneumococci  respectively  and  fail  to  show  any  cross 
agglutination  reaction  with  strains  belonging  to  Type  IV.  It  will 
further  be  seen  that  with  0.5  cc.  of  undiluted  Type  II  serum,  as  well 
as  with  the  1 :  20  dilution,  pneumococci  belonging  to  the  various  sub- 
groups of  Type  II  may  be  identified  and  rapidly  differentiated  from 
Type  II  pneumococcus,  in  that  they  show  partial  to  complete  agglu- 
tination in  undiluted  Type  II  serum  only,  but  not  in  the  1 :  20  dilu- 
tion at  the  end  of  1  hour's  incubation  at  37°C.  For  the  determina- 
tion of  types  of  pneumococcus  in  the  peritoneal  washings,  these 
serum  dilutions  give  the  most  satisfactory  and  clear-cut  results. 
Five  small  test-tubes  are  set  up  a's  follows: 

Tube  1.  0.5  cc.  Serum     I  (1:  20)  +  0.5  cc.  bacterial  suspension. 

"     2.  0.5"        "       II  (undiluted)  +0.5  " 

"     3.  0.5  "        "       11(1:20)  4-0.5  " 

"     4.  0.5  "        "      III  (1:5)  4-0.5  " 

"     5.  0.1  "  sterile  ox  bile  4-0.4" 

Tube  5,  containing  bile  plus  bacterial  suspension,  is  for  the  determi- 
nation of  the  bile  solubility  of  the  strain  and  for  the  differentiation  of 
pneumococcus  from  streptococcus.  The  tubes  are  incubated  in  the 
water  bath  for  1  hour  at  37°C.  Agglutination  of  Pneumococcus  Types 
I,  II,  and  III  occurs  promptly  in  these  serum  dilutions  and  is  specific. 
Rapid  clumping  of  the  organisms  is  seen  to  take  place  and  may  be 
brought  out  clearly  by  gentle  agitation  of  the  tubes.  For  the  iden- 
tification of  atypical  Type  II  pneumococcus,  incubation  is  neces- 
sary, these  strains  showing  partial  to  atypical  agglutination  in  un- 
diluted Type  II  serum  at  the  *nd  of  1  hour's  incubation.  If  no 
agglutination  occurs  in  any  of  the  serum  tubes  and  the  organism  is 
bile-soluble,  it  is  classified  as  Type  IV  pneumococcus. 

Precipitin  Method. — The  determination  of  pneumococcus  types  by 
macroscopic  agglutination  tests  with  the  peritoneal  washings  is  inter- 
fered with  when  other  organisms  are  present  in  considerable  num- 
bers, as  occasionally  happens,  and  consequently  a  delay  of  18  hours 
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or  more  may  occur  before  the  type  of  pneumococcus  present  can  be 
established.  To  obviate  this,  Blake  (R9)  has  devised  the  following 
method:  It  has  been  shown  that  pneumococcus  during  the  period  of 
active  growth  in  broth  cultures  produces  a  soluble  substance  which 
gives  a  specific  precipitin  reaction  with  homologous  antipneumococcic 
serum.  The  method  described  by  Blake  is  dependent  upon  this 
phenomenon.  The  peritoneal  exudate  is  washed  out  with  4  to  5  cc. 
of  sterile  salt  solution  in  the  manner  already  described  under  the 
agglutination  method,  and  the  peritoneal  washings  containing  cells, 
fibrin,  and  bacteria  are  immediately  centrifuged  at  high  speed  until  the 
supernatant  fluid  is  water-clear.  The  supernatant  fluid  is  then 
pipetted  off  with  care  not  to  disturb  the  sediment,  and  is  mixed  in 
quantities  of  0.5  cc.  each  with  equal  amounts  of  antipneumococcic 
serum  in  a  series  of  small  test-tubes  as  follows: 

Tube  1.  0.5  cc.  Serum     I  (1 :  10)  +  0.5  cc.  supernatant  peritoneal  washings. 

"     2.  0.5    "      "       II  (undiluted)  +  0.5   " 

"     3.  0.5    "      "       11(1:  10)  +0.5    " 

"     4.  0.5    "      "      111(1:5)  +0.5   " 

An  immediate  specific  precipitin  reaction  occurs  in  the  tube  contain- 
ing homologous  immune  serum,  the  other  tubes  remaining  clear  (Table 
III).  Incubation  is  usually  not  necessary.  Two  tubes  of  Type  II 
serum  are  used  for  the  purpose  of  distinguishing  between  Type  II 
pneumococcus  and  members  of  its  subgroups,  the  former  giving  a 
precipitin  reaction  in  both  tubes,  the  latter  only  in  the  undiluted 
Type  II  serum.  A  negative  reaction  in  all  serum  tubes  indicates 
pneumococcus  belonging  to  Type  IV.  The  precipitin  method  has 
been  tested  with  a  large  number  of  strains  and  has  been  consistently 
positive  and  specific  with  Pneumococcus  Types  I,  II,  and  III,  and 
consistently  negative  with  Type  IV.  The  presence  of  other  organ- 
isms, together  with  pneumococcus,  in  the  peritoneal  exudate  does 
not  interfere  with  the  reaction,  and  other  microorganisms  than 
pneumococcus  produce  no  substance  that  might  give  a  false  positive 
reaction. 

The  results  with  Subgroup  II  pneumococcus  have  not  been  so  satis- 
factory. Reference  to  Table  III  will  show  that  pneumococci  belong- 
ing in  these  subgroups  give  a  precipitin  reaction  with  undiluted  Type 
II  serum,  but  not  with  the  1 :  10  dilution,  thereby  being  distinguished 
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TABLE    III. 
Determination  of  Pneutnococcus  Types  by  the  Precipitin  Method. 


Supernatant  peritoneal 
washings  0.5  cc. 


Type  I 

"    II 

Subgroups  Ha,  b,  x 
Type  III 

"    IV 


Serum  I 
(1:10) 
0.5  cc. 


-- 


Serum  II 

(undiluted) 

0.5  cc. 


+  + 
+ 


Ser:m  II 
(1:10) 
0.5  cc. 


+  + 


Serum  III 
(1:5) 
0.5  cc 


+  + 


from  typical  Pneumococcus  Type  II.  A  number  of  Subgroup  II 
organisms,  however,  have  been  encountered  in  which  the  peritoneal 
washings  have  failed  to  give  a  precipitin  reaction  with  undiluted 
Type  II  serum.  In  the  identification  of  the  fixed  parasitic  types  of 
pneumococcus,  this  occasional  difficulty  is  of  little  practical  impor- 
tance from  the  point  of  view  of  treatment,  as  there  is  at  present  no 
specific  therapy  for  cases  of  pneumonia  due  to  organisms  of  these 
types.  For  purposes  of  classification  and  statistics,  these  organisms 
can  be  readily  identified  subsequently  when  pure  cultures  have  been 
obtained. 

Confirmation  of  Types. — The  determination  of  the  type  of  pneu- 
mococcus by  examination  of  the  peritoneal  washings  should  be  con- 
firmed by  macroscopic  agglutination  tests  with  a  pure  bouillon  cul- 
ture of  pneumococcus  obtained  from  the  heart's  blood  at  the  time  of 
mouse  autopsy.  The  technique  is  the  same  as  that  employed  in  the 
agglutination  tests  on  the  bacterial  suspension  obtained  from  the 
peritoneal  washings.     A  test  for  bile  solubility  should  also  be  made. 

Determination  of  Type  III  Pneumococcus  by  Morphologic  and 
Cultural  Characteristics. 

Of  the  four  types  of  pneumococcus,  the  third  type,  Pneumococcus 
mucosus,  is  the  only  one  which  can  be  identified  in  most  instances  by 
morphologic  and  cultural  differences.  Pneumococcus  mucosus  is 
usually  somewhat  larger,  rounder,  and  less  lanceolate  than  other 
types  of  pneumococcus.  It  possesses  a  large  distinct  capsule  which 
stains  readily  with  Hiss'  capsule  stain  and  which  usually  retains  the 
pink  counterstain  with   Gram's    method.     The   peritoneal    exudate 
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of  a  mouse  infected  with  this  organism  is  usually  quite  mucoid  and 
sticky,  and  the  colonies  on  blood  media  are  moist,  mucoid,  and  con- 
fluent. Occasional  strains,  however,  are  encountered  in  which 
these  characteristics  are  not  so  well  marked  and  which  are  not  so 
easily  distinguishable  by  cultural  or  morphologic  differences  from 
other  types.  Furthermore,  Pneumococcus  Type  II  occasionally  ex- 
hibits fairly  well  defined  mucoid  characteristics.  For  these  reasons 
the  identification  of  Type  III  pneumococcus  by  morphologic  and 
cultural  characteristics  is  not  always  absolute,  and  the  diagnosis 
should  be  established  by  immunologic  methods,  when  Type  III 
serum  is  available. 

Determination  of  Types  of  Pneumococcus  in  Blood  Cultures,  Spinal 
Fluids,  Empyema  Fluids,  and  by  Lung  Puncture. 

Blood  Culture. — From  a  positive  bouillon  blood  culture,  10  cc.  are 
removed  by  pipette  and  centrifuged  at  low  speed  to  remove  the 
blood  cells.  The  supernatant  fluid  is  pipetted  off  and.  the  bacteria 
are  thrown  down  by  centrifuging  at  high  speed.  The  supernatant 
fluid  is  discarded  and  the  bacterial  sediment  resuspended  in  sterile 
salt  solution.  The  type  of  pneumococcus  is  then  determined  by 
macroscopic  agglutination  tests  following  the  technique  described 
above. 

Spinal  Fluids  and  Empyema  Fluids. — Cultures  are  made  by  the 
methods  ordinarily  employed  in  culturing  these  fluids,  and  the  type  of 
pneumococcus  is  determined  by  the  agglutination  method,  with  the 
same  technique  as  that  applied  to  blood  cultures.  If  desired,  in 
addition  to  culturing  the  fluids,  a  portion  may  be  centrifuged  at 
high  speed  to  throw  down  the  pneumococci  present,  and  the  bac- 
terial residue  may  be  taken  up  in  1  cc.  of  sterile  salt  solution  and 
inoculated  intraperitoneally  into  a  mouse. 

Lung  Puncture. — This  procedure  should  be  resorted  to  only  when  it 
is  impossible  to  obtain  a  suitable  specimen  of  sputum  or  a  positive 
blood  culture.  In  our  experience  this  procedure  is  necessary  only  on 
rare  occasions.  Cultures  of  the  material  obtained  by  puncture  are 
made  in  bouillon,  and  the  determination  of  type  is  made  by  the 
same  technique  as  that  employed  in  the  case  of  blood  cultur 
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Determination  of  Types  of  Pneumococcus  by  Means  of  Specific  Pre- 
cipitin Reaction  in  the  Urine. 

The  fact  has  been  mentioned  that  a  certain  percentage  of  patients 
suffering  from  lobar  pneumonia  excrete  in  their  urine  at  some 
stage  of  the  disease  a  soluble  substance  of  pneumococcus  origin. 
This  substance  gives  a  specific  precipitin  reaction  with  antipneumo- 
coccic  serum  corresponding  in  type  to  the  organism  with  which  the 
individual  is  infected.  A  study  of  111  cases  of  lobar  pneumonia  and 
closely  related  respiratory  diseases  has  shown  that  in  65  per  cent  of  the 
cases  of  pneumonia  due  to  Pneumococcus  Types  I,  II,  and  III,  this 
substance  is  present  in  the  urine  and  can  be  detected  by  means  of  the 
appropriate  antipneumococcic  serum.  The  reaction  is  specific  for 
the  type  of  pneumococcus  with  which  the  individual  is  infected, 
and  in  no  instance  of  respiratory  disease  due  to  organisms  other  than 
pneumococcus  has  a  positive  reaction  been  obtained.  The  soluble 
substance  may  appear  in  the  urine  at  as  early  a  period  as  12  hours 
after  the  initial  chill,  or  it  may  appear  for  the  first  time  at  a  later 
stage  of  the  disease.  It  may  continue  to  be  excreted  for  many  days 
after  recovery  has  occurred.  It  is  the  rule  to  find  this  substance  in  the 
urine  when  pneumococcus  septicemia  exists.  Examination  of  the 
urine  for  the  presence  of  this  substance  has  proven  of  some  value  for 
the  rapid  determination  of  the  type  of  pneumococcus  with  which  the 
individual  is  infected.  Methods  for  the  performance  of  the  precipitin 
test  are  therefore  given  in  detail.  This  test,  however,  should  not  sup- 
plant the  usual  bacteriologic  methods  for  the  differential  diagnosis  of 
pneumococcus  types,  but  is  useful  in  that  in  a  certain  percentage  of 
instances  an  immediate  diagnosis  can  be  made  from  an  examination 
of  the  urine. 

Method  Using  Unconcentrated  Urine. — A  specimen  of  urine  is  ob- 
tained as  soon  as  possible  and  cleared  by  centrifuging.  The  clear 
urine  is  mixed  in  quantities  of  0.5  cc.  each  with  equal  amounts  of 
antipneumococcic  serum  of  the  different  types  in  a  series  of  agglu- 
tination tubes  (Table  IV). 

The  strength  of  the  reaction  may  vary  from  an  almost  impercep- 
tible cloud  to  a  heavy  flocculent  precipitate.  The  reaction  may  occur 
in  some  instances  immediately  on  the  mixing  of  urine  and  serum,  or 


AVERY,    CHECKERING.    COLE.    AND    DOCHEZ 


513 


TABLE    IV. 
Determination  of  Pneumococcus  Types  by  Precipitin  Reaction  in  Urine. 


0.5  cc.  urine  from: 

Serum  I 
0.5  cc. 

Serum  II 
0.5  cc. 

Serum  III 
0.5  cc. 

Type     I   pneumonia 

111    + 

1      1     +     1 

"      II           "        

"    III           "        

+ 

"     IV            "        

may  require  incubation  in  the  water  bath  at  37°C.  for  1  hour.  Pro- 
longed incubation,  however,  must  be  avoided,  since  bacterial  growth 
under  such  conditions  may  obscure  the  test.  In  the  precipitin  reac- 
tion it  is  essential  that  all  the  reagents  used,  including  the  immune 
sera,  should  be  water-clear.  In  case  the  reaction  is  negative  or  so 
faint  as  to  be  indecisive  with  the  whole  urine,  the  following  method 
of  concentrating  the  urine  may  be  employed: 

Concentration  of  Urine  for  Precipitin  Test. — 25  cc.  or  more  of  a  24 
hour  specimen  of  urine,  with  the  addition  of  a  few  drops  of  acetic  acid, 
are  boiled  down  to  a  volume  of  about  5  cc,  filtered  through  paper  to 
remove  any  precipitate  of  albumin  that  may  occur,  and  the  nitrate  is 
added  to  8  to  10  volumes  of  95  per  cent  alcohol.  The  precipitate 
which  forms  is  collected  by  centrifuging,  rapidly  dried  to  remove  the 
excess  of  alcohol,  and  the  residue  extracted  with  2  to  3  cc.  of  salt  so- 
lution, which  redissolves  the  specific  substance.  Any  undissolved 
material  is  removed  by  centrifuging  and  the  clear  salt  solution  ex- 
tract is  used  for  the  precipitin  test,  as  shown  in  Table  IV. 


LABORATORY  AIDS  IN  PROGNOSIS. 

Accurate  prognosis  in  such  an  acute  disease  and  one  of  such  short 
duration  as  lobar  pneumonia  is  very  difficult.  That  the  clinical  pic- 
ture may  pass  in  the  brief  period  of  24  hours  from  one  that  is  ap- 
parently favorable  to  one  of  extreme  urgency  is  a  common  obser- 
vation. In  the  early  stages  of  the  disease  it  is  almost  impossible  from 
the  clinical  picture  alone  to  predict  the  outcome,  and  even  in  cases 
ending  fatally,  it  is  frequently  difficult,  even  during  the  last  days,,  to 
say  what  the  result  will  be. 

In  the  course  of  the  studies  on  lobar  pneumonia  at  the  Hospital  of 
The  Rockefeller  Institute  some  facts  have  been  determined  which 
are  of  value  in  estimating  the  probable  severity  of  any  case  of 
pneumonia,  and  in  predicting  the  result.  Studies  of  the  bacteriology 
of  a  large  series  of  cases  of  lobar  pneumonia  have  shown  that  the 
type  of  pneumococcus  with  which  the  individual  is  infected  plays  a 
part  of  considerable  importance  in  the  probable  outcome  of  the  dis- 
ease. In  spite  of  certain  reports  to  the  contrary,  our  experience  has 
led  us  to  believe  that  the  presence  of  pneumococcus  in  the  blood 
during  lobar  pneumonia  indicates  a  severe  infection  and  is  of  bad  prog- 
nostic import.  It  has  already  been  stated  that  during  the  course  of 
lobar  pneumonia  there  appears  in  the  urine  a  soluble  substance  of 
pneumococcus  origin.  The  quantity  of  this  substance  can  be  fol- 
lowed from  day  to  day,  and  the  amount  excreted  seems  to  be 
directly  proportional  to  the  severity  of  the  infection.  In  occasional 
cases  the  blood  picture  is  of  value  in  forecasting  the  outcome  of 
the  disease. 

Relation  of  Type  of  Pneumococcus  to  Mortality. 

A  study  of  a  large  number  of  strains  of  pneumococcus  and  the  out- 
come of  the  disease  in  individuals  infected  with  these  strains  has 
shown  that  the  different  types  of  pneumococcus  vary  in  their  viru- 
lence for  man.  In  Table  V  are  shown  the  percentage  incidence  of  the 
different  types  of  pneumococci  in  100  cases  of  lobar  pneumonia  and 
the  average  mortality  in  those  untreated  with  serum. 
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TABLE   V. 
Incidence  of  Various  Types  of  Pneumococcus  and  Resulting  Mortality. 


Type  of  pneumococcus. 

Incidence. 

Mortality. 

per  cent 

per  cent 

I 

33 

25 

II 

31 

32 

III 

12 

45 

IV 

24 

16 

The  statistics  given  in  Table  V  approximate  the  facts  as  closely 
as  they  can  be  ascertained  at  the  present  time.  Organisms  of  Type 
IV  have  in  our  experience  been  found  to  possess  the  lowest  viru- 
lence of  the  different  types  for  human  beings.  Type  III  pneumococcus, 
although  it  is  the  cause  of  the  smallest  percentage  of  cases,  never- 
theless gives  rise  to  a  high  mortality,  and  the  outlook  for  a  patient 
infected  with  Type  III  pneumococcus  is  comparatively  bad.  Pneu- 
mococci  of  Types  I  and  II  are  responsible  for  about  64  per  cent  of  all 
cases  of  lobar  pneumonia  and  are  of  relatively  high  virulence  for 
man,  the  largest  number  of  deaths  in  lobar  pneumonia  being  due  to 
these  organisms.  The  mortality  in  Type  I  infection  is  25  per  cent, 
and  in  infections  with  Type  II  pneumococcus  about  32  per  cent. 
These  two  types  together  are  responsible  for  approximately  62  per 
cent  of  all  deaths  from  lobar  pneumonia.  It  is  evident,  therefore, 
that  the  outcome  of  any  case  of  lobar  pneumonia  is  influenced  by  the 
type  of  organism  with  which  the  individual  is  infected,  and  knowledge 
of  the  type  of  pneumococcus  causing  the  infection  is  therefore  of  value 
in  prognosis.  It  must  be  borne  in  mind,  however,  that  there  is  con- 
siderable variation  in  the  severity  of  the  individual  cases  due  to  the 
different  types  of  pneumococcus. 

Specific  Precipitin  Reaction  in  the  Urine. 

In  the  course  of  our  studies  it  has  been  found  that  pneumococci 
of  Types  I,  II,  and  III  during  the  active  period  of  growth  form  a 
soluble  substance.  Type  III  pneumococcus  forms  the  largest  amount 
of  this  substance,  Type  II  somewhat  less,  and  Type  I  the  least.  The 
elaboration  of  this  substance  by  Type  IV  pneumococcus  has  not  been 
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studied  because  of  lack  of  specific  sera  for  this  group.  This  soluble 
substance  is  formed  not  only  on  artificial  growth  in  vitro  but  also 
during  natural  infection  in  man.  In  patients  suffering  from  lobar 
pneumonia  this  specific  substance  can  sometimes  be  demonstrated 
in  the  blood.  It  is,  however,  frequently  present  in  the  urine  in 
easily  demonstrable  amounts.  The  quantity  of  this  substance  pres- 
ent in  the  urine  varies  with  the  intensity  of  the  infection  and  in  many 
instances  furnishes  a  basis  for  estimating  the  severity  of  the  disease. 
In  Table  VI  are  presented  the  relative  frequency  of  occurrence  of  the 
specific  precipitin  reaction  in  the  urine  during  lobar  pneumonia  and 
the  outcome  of  the  disease  in  the  cases  studied. 


TABLE   VI. 

Specific  Precipitin  Reaction  in  Urine  in  Lobar  Pneumonia. 


Incidence. 

Mortality. 

Type 

of  pneumo- 

coccus. 

No.  of 
cases 

No.  of 
cases 

Positive. 

Cases  showing  positive 
reactions. 

Cases 

showing  negative 
reactions. 

positive. 

No. 

Died. 

No. 

Died. 

per  cent 

per  cent 

per  cent 

I 

20 

15 

57.1 

20 

2 

10.0 

15 

0 

0 

II 

20 

8 

71.4 

20 

10 

50.0 

8 

0 

0 

III 

12 

5 

70.5 

12 

7 

58.3 

5 

1 

20 

The  urine  from  80  cases  of  pneumonia  due  to  Pneumococcus  Types 
I,  II,  and  III  was  studied.  In  28  of  these  the  urine  showed  no  reac- 
tion, and  in  52,  or  65  per  cent,  the  test  was  positive.  The  mortality 
among  the  positive  Type  I  cases  was  low,  probably  due  to  the  fact 
that  all  these  cases  were  treated  with  specific  antipneumococcic  serum. 
Of  the  32  cases  of  Types  II  and  III  infection  giving  a  positive  urine 
reaction,  17  died,  a  mortality  of  53.1  per  cent.  Of  13  cases  due  to 
Pneumococcus  Types  II  and  III  having  a  negative  reaction  in  the 
urine,  only  one  died,  a  mortality  of  7.7  per  cent. 

Most  of  the  cases  which  fail  to  show  the  precipitable  substance 
in  the  urine  recover,  whereas  the  mortality  is  high  among  cases  in 
which  its  presence  is  demonstrable.  The  presence  of  specifically 
precipitable  substance  in  the  urine  during  lobar  pneumonia  therefore 
seems  to  indicate  a  severe  infection.     If  the  amount  present  in  the 
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urine  increases  from  day  to  day,  the  outcome  is  usually  fatal  unless 
this  result  is  prevented  by  the  administration  of  antipneumococcic 
serum. 

Significance  of  Pneumococcus  Septicemia. 

The  suggestion  has  been  made  that  lobar  pneumonia  is  primarily  a 
blood  infection,  and  that  the  local  process  in  the  lung  is  but  part  of  a 
generalized  condition.  This  view  has  arisen  from  the  discovery  that 
pneumococcus  may  at  times  appear  in  the  circulating  blood  of  persons 
suffering  from  lobar  pneumonia.  Reports  in  recent  years  have  varied 
considerably  as  to  the  frequency  with  which  it  is  possible  to  obtain 
pneumococcus  from  the  blood.  Some  observers  have  obtained  posi- 
tive cultures  in  from  20  to  50  per  cent  of  cases  examined  and,  since 
these  were  the  more  severe  cases,  they  think  the  presence  of  pneumo- 
coccus in  the  blood  is  of  bad  prognostic  import.  Others,  claiming 
more  suitable  technique,  have  found  pneumococcus  in  the  blood  dur- 
ing lobar  pneumonia  with  great  constancy  and  attach  very  little 
prognostic  significance  to  its  presence.  In  the  cases  of  lobar  pneu- 
monia studied  in  the  Hospital  of  The  Rockefeller  Institute,  pneumo- 
coccus has  not  been  found  in  the  blood  in  all  instances.  In  those 
cases  in  which  a  positive  culture  was  obtained,  the  course  of  the 
infection  has  been  invariably  severe  and  in  many  instances  the  disease 
terminated  fatally. 

In  Table  YII  are  presented  the  results  of  blood  cultures  in  a  series 
of  448  cases  of  lobar  pneumonia  at  the  Hospital  of  The  Rockefeller 
Institute. 

TABLE  VII. 

Relation  of  Positive  Blood  Cultures  to  Mortality  in  Pneumonia. 


No.  of 
cases 
exam- 
ined. 

Blood  cultures. 

Mortality. 

of  pneumo- 
coccus. 

Positive. 

Negative. 

Cases  with  posi- 
tive blood  culture. 

Cases  with  nega- 
tive blood  culture. 

I 
II 

m 

IV 

145 

148 

55 

100 

50 
49 
16 
21 

per  cent 
34.5 
33.1 
29.0 
21.0 

95 
99 
39 
79 

per  cent 

65.5 
66.9 
71.0 
79.0 

13 
36 
16 
11 

per  cent 

26  0 

73.4 

100.0 

52.3 

3 
9 

11 
3 

per  cent 

3.1 

9.0 

28.2 

3.8 

Total 

448 

136 

30.3 

312 

69.7 

76 

55.8 

26 

8.3 
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Examination  of  Table  VII  shows  that  of  448  cases  of  lobar  pneu- 
monia, pneumococcus  was  obtained  from  the  blood  in  136  instances, 
or  30.3  per  cent.  In  spite  of  the  apparently  low  percentage  of  positive 
cultures  in  comparison  with  the  statistics  of  some  investigators,  we 
feel  that  this  percentage  is  representative  of  the  number  of  positive 
blood  cultures  obtained  by  the  ordinary  hospital  routine  of  taking  one 
or  two  blood  cultures  in  each  case  of  pneumonia.  The  taking  of  re- 
peated blood  cultures  during  the  course  of  the  disease  would  probably 
raise  this  percentage.  In  37  of  these  cases  in  which  blood  cultures 
were  made  at  frequent  intervals,  positive  findings  were  obtained  in  50 
per  cent. 

In  the  136  cases  with  positive  blood  culture  the  mortality  was  55.8 
per  cent,  whereas  in  312  cases  with  negative  blood  culture  the  mor- 
tality was  but  8.3  per  cent.  These  figures  seem  to  show  that  the 
presence  of  pneumococcus  in  the  blood  during  lobar  pneumonia 
indicates  a  severe  infection  and  is  of  bad  prognostic  significance. 

The  type  of  pneumococcus  obtained  from  the  blood  has  an  impor- 
tant bearing  on  the  outcome  of  the  disease.  In  50  cases  in  which 
Type  I  pneumococcus  was  obtained  from  the  blood,  the  mortality 
was  26  per  cent.  The  fact  that  this  figure  is  so  low  is  undoubtedly 
dependent  upon  the  fact  that  a  large  number  of  these  cases  was 
treated  with  Antipneumococcic  Serum  Type  I.  Of  49  cases  in  which 
T}-pe  II  pneumococcus  was  obtained  from  the  blood,  the  mortality 
was  73.4  per  cent.  Of  16  cases  in  which  Type  III  pneumococcus  was 
recovered  from  the  blood,  the  mortality  was  100  per  cent.  Of  21 
cases  in  which  Type  IV  pneumococcus  was  found  in  the  blood,  the 
mortality  was  52.3  per  cent.  These  figures  indicate  that,  with  the 
exception  of  infections  with  Type  I  pneumococcus,  in  which  case 
specific  serum  is  efficacious,  the  more  virulent  the  type  of  pneumo- 
coccus obtained  from  the  blood,  the  less  is  the  likelihood  of  recovery. 

Our  experience  has  been  that  the  greater  the  number  of  colonies  of 
pneumococcus  that  develop  from  1  cc.  of  blood  when  plate  cultures 
are  made,  the  more  likely  the  disease  is  to  have  a  fatal  termination. 
The  following  figures  indicate  the  significance  of  increasing  numbers 
of  pneumococci  per  cc.  of  blood.  The  illustration  is  drawn  from 
our  experience  with  plate  cultures  made  from  the  blood  of  individuals 
with  Type  II  pneumococcus  infections.     Of  14  cases  in  which  the 
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numbers  of  colonies  were  from  1  to  15  per  cc.  of  blood,  6  died,  a  mor- 
tality of  43  per  cent;  of  2  cases  with  15  to  30  colonies  per  cc,  2  died; 
of  4  cases  with  30  to  75  colonies  per  cc,  4  died;  of  16  cases  with  more 
than  75  per  cc,  16  died.  It  is.  thus  seen  that  all  cases  of  Type  II 
infection  in  which  the  number  of  colonies  per  cc.  of  blood  was  15  or 
more  were  fatal.  This  figure,  of  course,  is  not  to  be  considered  as 
absolute,  but  serves  to  show  that  cases  of  Type  II  infection  with  con- 
siderable numbers  of  pneumococci  per  cc.  of  blood  are  almost 
invariably  fatal.  In  some  cases  of  lobar  pneumonia,  invasion  of  the 
blood  may  occur  as  late  as  the  5th  or  6th  day.  A  number  of  these 
cases  are  rapidly  fatal  and  study  of  the  blood  has  shown  that  the 
numbers  of  pneumococci  per  cc.  of  blood  increased  with  extraor- 
dinary rapidity,  the  number  of  colonies  in  many  instances  running 
up  into  the  thousands. 

The  study  of  these  results  leaves  little  doubt  that  invasion  of 
the  blood  by  pneumococci  in  any  type  of  lobar  pneumonia  is  a 
serious  matter,  that  the  seriousness  of  this  invasion  is  proportional 
to  the  virulence  of  the  type  of  organism,  and  that  the  greater  the 
number  of  organisms  present,  the  more  likely  is  the  disease  to  have  a 
fatal  outcome. 

Technique  of  Blood  Culture. — Under  aseptic  precautions  20  cc.  of 
blood  may  be  easily  aspirated  into  a  sterile  Luer  syringe  from  a 
convenient  vein,  usually  near  the  bend  of  the  elbow  of  the  patient. 
The  syringe  may  be  sterilized  by  boiling  for  20  minutes  in  a  covered 
receptacle,  or  sterilization  may  be  accomplished  by  dry  heat  or  the 
autoclave,  the  syringe  being  enclosed  in  a  large  cotton-plugged  test- 
tube.  The  latter  method  has  the  advantage  of  immediate  avail- 
ability when  cultures  are  to  be  taken.  The  needles  used  are  prefer- 
ably nickeled  steel  needles  of  about  No.  18  gauge.  The  bevelled 
points  should  be  sharpened  each  time  before  using,  to  insure  ease  in 
penetrating  the  vein  and  to  reduce  the  discomfort  of  the  patient  to  a 
minimum.  With  nervous  individuals  or  in  those  cases  where  small 
veins  or  adipose  tissue  give  promise  of  difficulty,  the  skin  may  be  in- 
filtrated with  a  little  1  per  cent  novocaine  solution.  Then,  if  any 
trouble  is  experienced  in  piercing  the  vein,  the  procedure  will  at 
least  be  painless. 

When  the  blood  is  obtained  10  cc.  are  added  to  a  flask  of  150  cc.  of 
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plain  beef  infusion  broth  (page  501)  previously  warmed  to  body  tem- 
perature, and  immediately  incubated.  The  remainder  of  the  blood  is 
added  in  varying  amounts  to  melted  plain  agar  cooled  down  to  about 
45°C,  and  plates  are  made.  Usually  after  18  to  24  hours'  incubation 
at  37°C,  if  the  broth  culture  is  positive,  the  supernatant  fluid  be- 
comes diffusely  turbid,  and,  on  shaking,  the  mixture  appears  brownish 
red  to  chocolate  in  color.  If  very  few  organisms  are  present,  several 
days  may  elapse  before  any  change  in  the  color  of  the  cultures  takes 
place.  Consequently  broth  cultures  should  be  incubated  for  7  days 
and  subcultures  made  on  blood  agar  slants  before  they  are  considered 
sterile. 

Colonies  on  the  agar  plates  usually  appear  as  small  white  dots, 
surrounded  frequently  by  a  greenish  black  area  due  to  methemoglobin 
formation.  Identification  of  the  organisms  obtained  from  the  broth 
and  agar  cultures  should  be  made  by  the  methods  described  pre- 
viously (page  511). 

Leukocytosis. 

It  is  well  known  that  lobar  pneumonia  is  usually  accompanied  by  an 
increase  in  the  total  number  of  leukocytes  in  the  blood,  as  well  as 
by  a  relative  and  total  increase  in  the  percentage  of  polymorpho- 
nuclear cells.  When  such  a  leukocytosis  is  absent,  it  may  mean  a 
relatively  mild  infection  or  an  overwhelming  one.  Chatard  (1),  in  an 
analysis  of  582  cases  of  pneumonia  at  the  Johns  Hopkins  Hospital, 
found  a  mortality  of  55  to  60  per  cent  in  39  cases  having  a  leukocyte 
count  under  10,000.  With  the  rise  in  the  number  of  leukocytes  from 
10,000  to  30,000  there  was  a  progressive  decrease  in  the  mortality. 
Similar  experience  has  been  derived  from  observations  of  the  leuko- 
cytes in  463  cases  of  lobar  pneumonia  in  adults  studied  at  the  Hospital 
of  The  Rockefeller  Institute.  Table  VIII  shows  the  same  striking 
increased  mortality  where  the  leukocytes  were  below  10,000  per  cc, 
as  found  by  Chatard,  and  a  similar  progressive  fall  in  mortality  with 
increasing  leukocytosis. 

While  a  single  observation  of  white  blood  cells  may  furnish  infor- 
mation of  prognostic  value,  a  study  of  the  variation  in  the  num- 
ber and  character  of  the  leukocytes  during  the  course  of  the  dis- 
ease has  revealed  many  points  of  interest.     It  has  been  noted  that 
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TABLE   VHI. 
The  Relation  of  Leukocytes  to  Mortality  in  Lobar  Pneumonia. 

Leukocytes. 


Under  10,000. 
10,000-20,000 
20,000-30,000 
30,000-40,000 
40,000-50.000 
Above  50,000. 

Total 


when  consolidation  of  the  lobe  or  lobes  is  taking  place  or  during  the 
period  when  a  spread  or  infection  of  a  new  area  of  the  lung  is  in 
progress,  there  may  be  a  well  marked  decrease  in  the  number  of 
leukocytes.  The  following  observations  made  on  a  patient  having  a 
Type  I  pneumococcus  infection  are  illustrative: 


cases. 

Mortality. 

per  cent 

29 

65.5 

143 

23.7 

177 

18.0 

76 

14.4 

29 

24.1 

9 

11.0 

463 

Daj-  of  disease. 

Leukocyte 
count. 

Polymorpho- 
nuclears. 

Lymphocytes. 

Large  mono- 
nuclears. 

Temperature. 

2 
3 

4 

5 

15,600 

13,700 

11,200 

8,100 

per  cent 

97 
89 
94 
88 

per  cent 
3 
8 
4 
7 

per  cent 

3 

2 

5 

°F. 
105 
103.6 
103.4 
103.6 

Lesion  spreading  from  lower  to  upper  lobe. 


6 

9,200 

78 

5 

17 

103 

7 

14,600 

89 

5 

6 

103.8 

8 

12,600 

88 

5 

7 

103.4 

10 

16,400 

78 

6 

16 

103 

11 

13,200 

85 

10 

5 

100 

12 

17,200 

72 

15 

13 

99.8 

13 

9,200 

79 

3 

17 

100.4 

14 

8,800 

79 

11 

10 

100.5 

In  this  case  a  single  observation  made  on  the  5th  and  6th  days  of 
the  disease  during  the  spread  of  the  lesion  from  the  lower  to  the 
upper  lobe  might  have  given  one  a  false  impression  of  the  severity 
of  the  process. 
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A  steady  rise  in  the  leukocyte  count  during  the  course  of  the 
disease  is  usually  of  favorable  import.  The  following  case  illustrates 
this  point : 


Day  of 
disease. 

Leukocyte 
count. 

Polymor- 
phonuclears. 

Lympho- 
cytes. 

Large  mono- 
nuclears. 

Transi- 
tionals. 

Eosinophils. 

Temper- 
ature. 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

•P. 

4 

9,400 

93 

4 

3 

103.6 

5 

9,400 

96 

4 

13,600 

87 

4 

7 

2 

103.6 

6 

14,400 

88 

5 

5 

2 

103.2 

14.500 

86 

13 

1 

103.6 

7 

18,700 

94 

6 

101.4 

20,000 

86 

4 

5 

5 

100.2 

8 

14,400 

84 

6 

5 

4 

1 

99.2 

12,000 

85 

3 

6 

2 

4 

100 

10 

9,000 

78 

6 

13 

3 

98.8 

12 

8,800 

68 

10 

16 

4 

2 

99.2 

On  the  other  hand,  if  an  initial  low  leukocyte  count  shows  little 
or  no  tendency  to  rise  even  with  specific  treatment,  the  prognosis 
may  be  grave.     This  is  illustrated  by  the  following  case: 


Day  of  disease. 

Leukocyte  count. 

Temperature. 

'P. 

3 

8,000 

102.5 

4 

7,200 

102.8 

8,800 

102.8 

5 

11,900 

102.5 

6 

12,300 

102 

7 

Died. 

With  the  fall  in  temperature  by  crisis  or  lysis,  the  number  of  leuko- 
cytes in  the  blood  rapidly  falls  in  the  uncomplicated  cases.  A  con- 
tinuance of  the  high  count,  especially  if  accompanied  by  a  continued 
high  percentage  of  polymorphonuclear  cells,  suggests  a  complication 
with  pus  formation,  most  frequently  empyema  or  otitis  media.  A 
continued  leukocytosis  with  diminishing  polymorphonuclear  cells  and 
corresponding  rise  in  lymphocytic  cells,  with  the  presence  of  a  few 
eosinophils,  suggests  delayed  resolution,  or  serum  sickness  if  the  case 
has  been  treated  with  specific  serum. 
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The  appearance  and  staining  qualities  of  the  white  blood  cells 
often  reflect  the  condition  of  the  patient.  In  those  mortally  infected, 
in  addition  to  an  abnormally  small  number  of  leukocytes,  there  may 
be  a  predominance  of  degenerated  polymorphonuclear  cells.  The 
nuclei  of  these  cells  appear  fragmented,  stain  poorly,  and  the  cyto- 
plasm presents  an  appearance  suggesting  cloudy  swelling. 

On  the  other  hand,  a  day  or  two  before  crisis,  together  with  the 
increase  in  the  total  number  of  cells,  there  may  appear  many  poly- 
morphonuclear cells  which  may  be  termed  immature  forms.  The 
nucleus  is  large  and  succulent  in  appearance  and  contains  large 
amounts  of  chromatin  material.  The  cytoplasm  of  the  cell  is,  in 
addition,  packed  with  well  staining  coarse  granules.  These  minor 
changes  that  take  place  in  the  white  blood  cells  in  the  presence  of  an 
infection,  while  of  less  practical  value  from  the  standpoint  of  prog- 
nosis than  the  information  that  may  be  derived  from  the  deter- 
mination of  the  type  of  infecting  organism,  the  presence  or  absence  of 
precipitable  substance  in  the  urine,  or  the  occurrence  of  pneumococcus 
in  the  blood,  are  nevertheless  of  considerable  importance. 


ANTIPNEUMOCOCCIC  SERUM. 

It  was  demonstrated  as  early  as  1891  that  animals  such  as  the  rabbit 
can  be  rendered  immune  to  lethal  doses  of  pneumococci  by  the  pre- 
vious injection  of  sublethal  doses  of  the  organisms  or  by  the  injec- 
tion of  dead  cultures.  Furthermore,  it  was  shown  that  the  serum  of 
these  immune  animals  is  able  to  protect  other  animals  against  a  fatal 
infection,  and  even  to  cure  them  after  infection  has  once  occurred, 
provided  that  the  injection  of  the  serum  is  not  too  long  delayed.  It 
is  not  surprising  that  attempts  were  at  once  made  to  apply  these 
fundamental  facts  to  the  treatment  of  lobar  pneumonia  in  man. 
The  serum  of  horses  immunized  to  pneumococci  has  been  widely 
employed  in  treatment  (17,  20,  25, 26,  32,  33),  but  the  results  obtained 
have  been  inconclusive,  and  a  few  years  ago  the  concensus  of  the 
best  clinical  opinion  was  that  antipneumococcic  serum  was  of  little 
or  no  value. 

It  must  be  remembered  that  most  of  these  efforts  to  treat  pneumonia 
with  immune  serum  were  made  before  we  had  any  knowledge  concern- 
ing the  immunologic  differences  between  various  races  of  pneumococci; 
they  were  all  considered  identical.  Moreover,  at  the  time  these  at- 
tempts were  made  to  employ  immune  serum,  there  were  no  methods 
for  accurate  etiologic  diagnosis  in  the  individual  cases,  and  the 
serum  was  administered  to  all  cases  indiscriminately.  It  is  little 
wonder,  therefore,  that  the  results  of  treatment  were  unsatisfactory 
and  inconclusive.  Moreover,  the  immune  sera  were  employed  in 
small  amounts  and  were  injected  subcutaneously. 

We  now  know  from  experiments  on  animals  that  an  antipneumo- 
coccic serum  is  only  protective  and  curative  provided  it  is  employed 
to  combat  an  infection  due  to  the  same  type  of  organism  as  that 
used  in  its  production.  We  also  know  that  to  cure  after  infection 
has  once  occurred,  the  serum  must  be  employed  in  very  large  amounts, 
and  preferably  injected  intravenously. 

The  discovery  of  these  facts,  together  with  the  development  of 
methods  for  making  an  etiologic  diagnosis  in  every  case,  made  it 
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advisable  to  undertake  again  the  treatment  of  cases  of  pneumonia 
with  the  serum  of  horses  immunized  to  the  various  specific  types. 
These  attempts  have  resulted  in  the  demonstration  that  antipneumo- 
coccic  serum,  prepared  by  the  injection  of  Type  I  pneumococcus,  is 
highly  effective  in  the  treatment  of  cases  of  pneumonia  due  to  the 
same  type  of  organism.  The  serum  of  Type  II  is  much  less  effica- 
cious. Indeed,  it  has  not  yet  been  thoroughly  demonstrated  whether 
it  has  any  practical  effect  on  the  outcome  of  the  disease  or  not. 
Immune  serum  may  be  prepared  by  the  injection  of  Type  III  pneumo- 
cocci  and  this  serum  has  slight  agglutinating  power  and  slight  protec- 
tive power  for  animals  (30).  This  power,  however,  is  so  slight  that  the 
therapeutic  application  of  this  serum  has  not  been  considered  prom- 
ising or  justifiable.  From  what  has  previously  been  stated  it  would 
be  impossible  to  prepare  a  serum  which  would  be  effective  against 
any  considerable  number  of  cases  of  infection  due  to  Type  IV 
pneumococci. 

Production  of  Serum. 

In  spite  of  all  that  has  been  written  concerning  the  theoretic  prin- 
ciples involved  in  the  preparation  of  antipneumococcic  serum,  and  in 
spite  of  all  the  reports  of  the  therapeutic  application  of  various  sera 
which  have  appeared,  very  little  has  been  written  concerning  the 
actual  method  of  preparation  of  these  sera.  In  general,  they  have 
been  prepared  by  the  injection  into  horses  at  weekly  intervals  of 
gradually  increasing  doses,  first  of  dead,  then  of  living  pneumococci. 

Based  on  certain  experimental  studies  which  have  been  carried  on 
in  the  Hospital  of  The  Rockefeller  Institute,  this  method  of  producing 
the  serum  has  been  modified,  so  that  the  time  required  has  been 
materially  lessened  (R31). 

What  is  attempted  in  the  production  of  immune  serum  is  to  obtain, 
as  rapidly  as  possible,  a  serum  possessing  the  highest  possible  content 
of  the  known  antibodies,  agglutinins  and  bacteriotropic  substances, 
and  the  highest  possible  protective  action  against  pneumococcal  in- 
fection, as  tested  in  mice.  Whether  such  a  serum  meets  all  the  theo- 
retic requirements  is  not  at  present  our  concern.  Moreover,  this 
serum  should  be  specific;  that  is,  effective  against  the  type  of  pneumo- 
coccus causing  the  infection.     Up  to  the  present  time  antipneumo- 
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coccic  serum  has  been  demonstrated  to  be  effective  only  in  cases 
due  to  Type  I  pneumococcus,  so  in  our  opinion  the  production  of  anti- 
pneumococcic  serum  for  routine  practical  use  should,  for  the  present, 
be  confined  to  that  prepared  by  the  injection  of  this  type  of  pneumo- 
coccus. At  the  present  time  the  production  of  a  polyvalent  anti- 
pneumococcic  serum  is  not  practical  or  important,  as  it  is  in  the 
case  of  the  production  of  polyvalent  meningococcic  serum,  for  in- 
stance. The  conditions  as  regards  specificity  among  meningococci 
are  quite  different  from  those  obtaining  among  pneumococci.  The 
former  organisms  also  differ  among  themselves  in  their  immunity 
reactions.  However,  they  all  possess  certain  common  characters, 
so  that  an  immune  serum  against  any  one  type  has  some  action 
against  all  meningococci.  With  pneumococci,  at  least  as  regards  the 
first  three  types,  the  immunity  reactions  are  almost  absolutely 
specific.  A  Type  I  serum  is  hardly  more  effective  against  infection 
due  to  Type  II  pneumococci  than  antidiphtheria  serum  would  be. 
For  these  reasons  we  do  not  advise  the  routine  manufacture  of 
polyvalent  antipneumococcic  serum. 

Concerning  the  size  and  spacing  of  doses, we  have  found  from  numer- 
ous experiments  in  rabbits  that  instead  of  the  old  method  of  weekly 
injections,  much  better  results  are  obtained  if  the  injections  of  dead 
organisms  are  made  daily  for  a  period  of  7  days;  then  after  another 
period  of  7  days  elapse^,  a  similar  series  of  injections  is  made.  It  has 
been  proved  that  the  doses  should  be  small,  as  very  large  doses  inhibit 
the  immunity  response.  After  several  series  of  injections  of  dead  cul- 
ture, it  may  be  necessary  to  employ  the  live  bacteria.  Here  it  is 
well  to  take  advantage  of  the  observations  of  Fornet  and  Muller. 
which  have  already  been  used  by  Flexner  and  his  assistants  in  the 
manufacture  of  antimeningitic  and  antidysenteric  serum.  In  this 
method  the  injections  are  made  daily  over  a  period  of  3  days,  deter- 
mining the  size  of  the  dose  largely  by  the  reaction  obtained.  The 
following  is  a  brief  statement  of  the  method  of  immunization  as 
actually  employed  by  us  at  present : 

Technique  of  Immunizing  Animals. — A  sound,  fairly  heavy  horse 
should  be  chosen  and  quarantined  until  a  glanders  test  is  performed. 
A  specimen  of  blood  obtained  before  any  treatment  is  given  is  kept 
as  a   control.     The  immunization  is  carried  on  as  follows:     All  in- 
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jections  are  made  intravenously,  employing  for  this  purpose  a  Luer 
syringe.  To  avoid  any  accidental  injury  to  the  vein  it  is  well 
to  have  the  needle  attached  to  the  syringe  with  a  small  piece  of 
rubber  tubing.  The  strain  of  pneumococcus  (living  or  dead)  which 
is  used  for  injection  should  be  one  highly  virulent  for  mice  (0.000001 
cc.  kills  regularly)  and  it  should  have  had  very  few  passages  either 
through  animals  or  in  artificial  medium  since  removal  from  the 
human  patient.  The  method  for  keeping  these  cultures  is  described 
above  (page  495).  In  preparing  the  material  for  injection,  both  liv- 
ing and  dead  organisms,  cultures  are  grown  on  beef  peptone  broth, 
reaction  0.3  to  0.5  per  cent  acid  to  phenolphthalein.  Cultures  about 
12  to  15  hours  old  are  preferable,  as  at  this  time  maximum  growth  is 
present,  with  a  minimum  of  autolysis.  The  cultures  should  contain 
about  200  to  300  million  bacteria  per  cc.  The  culture  is  centrifuged 
until  the  supernatant  fluid  is  clear.  With  the  large  centrifuge  em- 
ployed by  us  this  requires  about  20  minutes  to  an  hour.  The  super- 
natant fluid"  is  then  pipetted  off  and  the  sediment  is  taken  up  in  a  small 
amount  of  sterile  salt  solution.  .  • 

If  living  organisms  are  to  be  injected,  the  emulsion  in  salt  solu- 
tion is  not  made  until  just  before  injection,  so  that  death  and  auto- 
lysis may  not  occur.  If  the  organisms  are  to  be  injected  dead,  the 
emulsion  is  heated  in  a  water  bath  at  56°C.  for  half  an  hour.  For  the 
daily  injections  a  considerable  amount  of  the  vaccine  is  prepared  as 
above  and  kept  on  ice.  This  vaccine  may  be  employed  for  all  the 
injections  in  one  series  of  6  to  7  days.  We  think,  however,  that  a 
fresh  emulsion  should  be  prepared  for  each  new  series.  Of  course  the 
emulsion  of  live  bacteria  should  be  freshly  prepared  for  each  injec- 
tion. The  dilution  of  the  injected  fluid  should  be  such  that  the 
total  volume  is  about  20  cc. 

The  following  course  of  injections  is  now  carried  out :  Every  day  for 
6  days  an  injection  of  the  emulsion  containing  bacteria  from  50  cc.  of 
bouillon  culture  is  made.  An  interval  of  7  days  is  allowed  to  elapse 
and  then  a  second  series  of  daily  injections  of  the  same  sized  doses 
is  made.  Again  an  interval  is  allowed  to  elapse  and  on  the  6th 
day  a  specimen  of  blood  is  obtained  for  testing.  Tests  are  made  at 
once  for  agglutinating  and  protective  power.  This  requires  several 
days. 
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If  the  serum  causes  agglutination  in  a  dilution  of  1 :  200  and  is  of 
standard  protective  value,  that  is,  0.2  cc.  protects  a  mouse  against  0.1 
cc.  of  virulent  culture,  bleeding  could  be  carried  out  at  once  (10th 
to  12th  day).  As  a  matter  of  fact,  we  have  never  seen  the  titer  of  the 
serum  after  this  amount  of  treatment  to  be  so  high.  Consequently 
it  has  been  our  practice,  8  to  10  days  after  the  last  injection  of  the 
second  series  of  dead  cultures,  to  commence  injections  of  living  bacteria. 
Three  injections  are  given  on  successive  days.  The  temperature  of 
the  horse  is  taken  every  2  hours  for  8  to  10  hours  following  each  of 
the  injections  of  living  bacteria.  The  first  injection  should  contain  the 
bacteria  from  2.5  cc.  of  the  original  culture.  If  the  temperature  re- 
action following  this  injection  is  only  moderate,  not  over  40.5°C,  a 
second  injection  of  the  bacteria  from  5  cc.  growth  is  given  on  the  fol- 
lowing day.  If  the  reaction  from  this  is  only  moderate,  the  dose  is 
again  doubled  on  the  following  day,  the  bacteria  from  10  cc.  of  bouillon 
being  injected.  It  must  be  stated  that  as  far  as  pneumococci  are  con- 
cerned it  is  difficult  to  regulate  the  dosage  entirely  by  the  febrile  re- 
action obtained.  If  the  reaction  is  very  severe,  of  course  the  dose  is 
made  smaller  than  that  mentioned.  On  the  other  hand,  even  though 
the  reaction  is  very  slight,  we  do  not  advise  giving  more  than  the 
amounts  stated.  6  days  after  the  last  injection  another  specimen  of 
blood  is  obtained  for  testing.  If  the  serum  is  of  the  standard  strength, 
bleeding  can  now  be  done.  If,  however,  the  potency  is  still  too  low,  a 
second  series  of  injections  of  living  bacteria  is  made.  These  injections, 
unless  there  are  reasons  for  modifying  them,  should  consist  of  the  bac- 
teria from  20,  40,  and  80  cc.  of  broth  on  the  3  days  respectively. 
Again,  the  size  of  the  doses  may  need  to  be  somewhat  modified,  on 
account  of  the  severity,  or  the  lack,  of  febrile  reaction.  Most  horses 
will  require  still  further  injections  of  living  cultures.  In  any  case,  we 
think  they  should  be  made  in  series  of  three,  given  on  successive  days, 
with  7  day  intervals  between  the  series.  The  third  series  in  most 
horses  may  consist  of  the  bacteria  from  100,  150  and  200  cc.  of  broth. 
From  our  present  standpoint  we  believe  that  the  size  of  an  injection 
should  never  exceed  the  bacteria  from  300  to  400  cc.  of  broth.  Fol- 
lowing the  bleeding,  it  is  well  to  allow  the  horse  to  remain  quiet  for 
3  or  4  days.  Then  a  series  of  three  injections  of  living  cultures, 
50,  80,  and  100  cc,  is  again  given.     After  a  week  the  serum  is  again 
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tested,  and  if  of  standard  strength,  bleeding  may  be  done  on  the  10th 
day.  If  the  serum  is  not  sufficiently  strong,  a  second  series  of  in- 
jections of  living  bacteria  is  given,  again  keeping  the  dosage  fairly 
small,  never  giving  more  than  the  bacteria  from  300  to  400  cc,  and 
always  bleeding  about  10  days  after  the  last  injection. 

Technique  of  Obtaining  Serum. — The  bleeding  of  the  horse  usually  takes  place 
about  10  days  after  the  last  injection  of  antigen.  It  is  possibly  well  to  allow  the 
horse  to  fast  12  to  18  hours  before  bleeding.     The  horse  is  then  brushed  thoroughly 


Text-Fig.  1.    Bleeding  jars. 


and  its  coat  washed  down  with  a  dilute  lysol  solution.  The  floor,  walls,  and 
ceiling  of  the  bleeding  room  are  also  washed  down.  The  neck  of  the  horse  over 
the  external  jugular  vein  is  shaved,  washed  with  alcohol,  painted  with  tincture 
of  iodine,  and  anesthetized  with  a  sterile  2  per  cent  solution  of  novocaine.  The 
skin  over  the  vein  is  incised  and  the  vein  is  punctured  with  a  cannula  bearing  a 
rubber  tube,  through  which  the  blood  is  drawn  into  the  receiving  jar.  This 
cannula  is  8  cm.  in  length  and  5  mm.  in  bore;  the  end  of  the  cannula  is  bevelled 
for  1.5  cm.,  has  a  sharp  point,  and  the  bevel  is  turned  against  the  blood  stream. 
The  bleeding  jar  (Text-fig.  1)  is  of  glass,  cylindric  in  shape,  open  at  the  top,  28 
cm.  in  height,  and  16  cm.  in  diameter,  a  slight  modification  of  the  type  of  jar 
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described  by  Kraus  and  Levaditi  (8);  we  have  found  "Xonex"  glass  very  satis- 
factory. The  jar  bears  a  loosely  fitting  cover  of  tinned  copper  having  an  ec- 
centric and  a  concentric  opening;  the  former  carries  an  ordinary  cork  through 
which  passes  the  glass,  inflow  tube  (A),  to  which  is  connected  the  rubber  tube  from 
the  cannula;  the  inflow  tube  reaches  about  1  inch  below  the  cover.  Suspended 
from  the  cover,  when  it  is  in  position  on  the  jar,  is  a  flat  octangular  weight  (B) 
of  tinned  copper,  with  an  aperture  through  which  the  inflow  tube  passes.  This 
weight  is  14.5  cm.  in  diameter  and  weighs  about  700  gm.  On  the  under  surface 
of  the  weight  are  four  projecting  points  or  teeth,  about  \  inch  in  length,  which 
serve  to  prevent  it  from  slipping  off  the  clot  when  dropped.  The  weight  is  sus- 
pended in  the  jar  by  a  loop  of  wire  (C)  which  passes  through  the  concentric  open- 
ing in  the  cover.  By  means  of  a  small  piece  of  wood  or  metal  (D)  passed  through 
this  loop,  the  weight  is  held  in  position.  This  piece  of  wood  acts  as  a  trigger 
which,  when  withdrawn,  allows  the  weight  to  fall  on  the  clot. 

When  the  cover,  weight,  and  inflow  tube  are  in  position  on  the  jar,  the  whole 
is  covered  by  a  layer  of  paper  which  is  tied  around  the  jar.  Through  the  paper 
the  inflow  tube  is  allowed  to  project.  On  top  of  this,  the  inflow  tube  still  pro- 
jecting, is  placed  a  layer  of  cotton  and  another  layer  of  paper,  and  these  are  tied 
securely;  a  cotton  cap  enclosed  in  paper  is  now  secured  over  the  inflow  tube. 
A  cord  (E)  attached  to  one  end  of  the  wooden  support  of  the  weight  comes  to 
the  exterior  through  the  paper  and  cotton  covers.  The  jar  so  prepared  is  steril- 
ized in  the  autoclave  at  15  pounds'  pressure  for  20  minutes  and  afterwards  dried 
at  100°C.  by  dry  heat.  It  is  advisable  to  place  a  few  cc.  of  water  in  the  jar  before 
placing  the  latter  in  the  autoclave. 

Each  jar  is  graduated  and  usually  3.5  liters  of  blood  are  drawn  into  each  one. 
The  cannula  and  tube  are  sterilized  by  boiling  for  20  minutes.  The  cannula 
should  have  a  sharp,  cutting  edge,  which  should  be  protected  during  sterilization 
by  wrapping  the  instrument  in  cotton.  When  the  cannula  is  withdrawn  from  the 
vein,  usually  no  difficulty  is  experienced  in  stopping  the  blood  flow,  pressure  and 
perhaps  a  stitch  in  the  skin  being  sufficient  in  most  cases. 

6  to  8  hours  after  the  bleeding,  when  the  clot  is  firm,  the  trigger  supporting 
the  weight  is  released  by  pulling  the  attached  cord  (£);  the  weight  then  drops  on 
the  clot  and  materially  aids  in  expressing  the  serum.  The  serum  is  usually 
drawn  off  the  clot  by  syphonage  about  40  hours  after  the  bleeding,  the  short  limb 
of  the  syphon  being  introduced  into  the  jar  through  the  central  opening  (now  free) 
in  the  cover.  The  serum  is  syphoned  into  flasks  of  6  liters'  capacity.  The  long 
limb  of  the  syphon  passes  into  the  flask  through  a  doubly  perforated  rubber  cork. 
Through  the  other  perforation  there  passes  a  short  cotton-plugged  glass  tube 
through  which  partial  exhaustion  of  the  flask  starts  the  syphon  action.  Care 
should  be  taken  in  the  syphonage  not  to  carry  over  particles  of  clot  or  cellular 
debris.  The  serum  is  stored  in  these  6  liter  flasks,  sealed  with  rubber  corks,  and 
capped  with  sterile  tin-foil.  The  syphon  and  corks  are  sterilized  by  boiling  and 
the  bottles  (plugged  with  cotton  and  capped  with  paper)  are  sterilized  in  the 
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autoclave  and  afterwards  dried  at  100°C.  by  dry  heat.  Usually  at  a  single 
bleeding  9  to  12  liters  of  blood  are  withdrawn  and  from  this,  employing  the  method 
described,  we  have  usually  obtained  a  yield  of  50  to  55  per  cent  of  serum. 

Storage  of  Serum. — The  serum  is  stored  in  the  refrigerator  in  the  6 
liter  bottles  for  at  least  2  months.  During  this  period  a  fine  pre- 
cipitate gradually  sediments.  It  is  desirable  that  this  sedimentation 
should  be  complete  before  the  serum  is  dispensed  for  treatment  in 
order  to  avoid  the  possibility  of  certain  reactions  on  the  part  of  the 
patient,  due  to  the  intravenous  injection  of  suspended  particles. 

Dispensing  Serum. — After  the  requisite  period  of  storage,  the  serum 
is  dispensed  for  treatment  in  sterile,  rubber-corked  bottles  of  100  cc. 
capacity,  capped  with  parchment  which  has  been  soaked  in  1 :  20 
phenol.  This  final  bottling  of  the  serum  is  accomplished  by  syphon- 
age;  this  time,  however,  the  syphon  action  is  started  by  raising  the 
air  pressure  in  the  storage  flask  through  a  cotton-plugged  tube  in  the 
rubber  stopper  through  which  the  syphon  tube  also  passes.  The 
syphon  tube  terminates  in  a  specially  designed  filling  device  which, 
by  means  of  a  protecting  bell  or  jacket,  covers  the  neck  of  the  dis- 
pensing bottle,  thus  avoiding  unnecessary  exposure  of  the  serum. 

All  the  handling  of  the  serum  is  conducted  in  a  room  free  from 
draughts  and  dust.  After  bottling,  the  serum  is  tested  for  aggluti- 
nation and  protective  power  and  it  is  also  subjected  to  a  rigid  test  for 
sterility  and  for  primary  toxicity. 

Tests  for  Sterility.  Culture  Tests. — The  firsj,  middle,  and  last  of 
the  dispensing  bottles  from  each  storage  flask  of  serum  are  set  aside 
for  sterility  tests.  From  each  of  these  bottles,  0.5  cc.  and  4  cc.  of  serum 
are  each  mixed  with  about  20  cc.  of  1  per  cent  glucose  broth  in  Smith 
fermentation  tubes  layered  with  paraffin;  2  cc.  of  serum  are  mixed 
with  about  15  cc.  of  melted  1  per  cent  glucose  agar  at  43°C.  in  deep 
tubes,  and,  after  cooling,  layered  with  paraffin;  6  cc.  of  the  serum  are 
mixed  with  150  cc.  of  ordinary  nutrient  broth;  all  are  then  incubated 
at  37.5°C,  and  observed  for  14  days.  If  no  growth  or  gas  produc- 
tion is  observed  in  any  of  the  cultures,  the  particular  lot  of  serum  is 
considered  sterile. 

Animal  Tests. — 4  cc.  of  the  serum  are  injected  subcutaneously  into 
each  of  two  guinea  pigs  weighing  250  to  300  gm. ;  the  guinea  pigs  are 
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observed  for  2  weeks  for  evidence  of  toxicity  or  infection.  0.5  cc.  of 
serum  is  also  injected  into  each  of  two  mice  which  are  observed  for  4 
days.  This  test  is  for  the  purpose  of  making  sure  that  the  serum 
contains  no  living  pneumococci  from  the  last  injection.  However,  in 
these  tests  we  have  never  found  pneumococci  present. 

Use  of Antiseptics. — Employing  the  precautions  we  have  mentioned, 
it  has  been  rare  for  any  lot  or  sample  of  serum  to  become  contami- 
nated. Where  large  amounts  of  serum  are  injected  intravenously,  as  is 
necessary  in  this  form  of  treatment,  the  ideal  method  is  to  employ 
serum  to  which  no  preservative  has  been  added,  and  under  the 
conditions  in  which  we  have  employed  the  serum,  we  have  shown  that 
this  is  practical.  The  serum  should,  of  course,  be  kept  in  the  dark 
and  in  the  cold.  Under  these  conditions  serum  which  we  have  kept 
several  years  has  remained  uncontaminated.  If  manufacturers 
feel  that  this  method  on  a  large  scale  is  impractical,  chloroform  or 
tricresol  may  be  added  to  the  serum  before  bottling. 

At  present,  most  State  Board  of  Health  laboratories  employ  chloro- 
form for  the  preservation  of  serum  which  is  to  be  injected  intrave- 
nously, and  this  is  probably  preferable  to  tricresol  or  other  phenol 
preparations,  though  in  the  treatment  of  cholera  large  doses  of  immune 
serum,  which  have  contained  0.5  per  cent  phenol,  are  said  to  have  been 
employed  (7)  without  injurious  effects.  Undoubtedly,  however, 
where  large  amounts  of  serum  are  to  be  injected,  the  use  of  a  volatile 
preservative,  as  chloroform,  is  preferable.  The  following  is  the 
method  at  present  employed  by  the  Department  of  Health  of  the  City 
of  New  York:  After  the  serum  is  drawn  into  the  large  flasks,  an 
excess  of  chloroform  is  added,  about  5  cc.  to  1  liter.  When  the  serum 
is  drawn  off  for  bottling,  the  excess  of  chloroform  is  left,  together 
with  the  sediment,  at  the  bottom  of  the  flask. 

Preservation  of  Potency. — We  have  examined  samples  of  serum  kept 
on  ice  and  in  the  dark  after  a  period  of  2  years.  No  loss  of  strength 
could  be  detected  by  the  methods  used.  If  allowed  to  stand  at  room 
temperature  and  in  the  light,  a  fairly  rapid  loss  of  potency  occurs. 
In  the  experience  of  Neufeld  and  Handel  (14)  also,  antipneumo- 
coccic  serum  keeps  many  months  unchanged.  They  also  found  that 
neither  heating  to  59°C.  nor  the  addition  of  carbolic  acid  causes  any 
loss  in  potency. 
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Concentration  of  Serum. — Experimental  evidence  and  clinical  ex- 
perience have  demonstrated  that  antipneumococcic  serum  must  be 
administered  in  large  doses  if  success  is  to  be  obtained  in  this  method 
of  therapy.  Any  method  of  concentrating  the  serum  without  de- 
creasing its  antibacterial  potency,  therefore,  would  be  of  great  value 
in  rendering  its  administration  more  convenient  and  practical.  If 
concentrated  serum  were  employed,  moreover,  the  frequency  of 
serum  disease  would  be  decreased,  or  at  least  the  symptoms  would  be 
ameliorated. 

Study  of  the  distribution  of  the  immune  bodies  occurring  in  anti- 
pneumococcic serum  has  shown  that  both  the  agglutinins  and  protec- 
tive antibodies  are  associated  or  combined  with  the  globulins,  and 
not  with  the  albumin  of  the  serum  (R2).  Hence  concentration 
by  fractional  precipitation  of  the  globulin  fraction  with  ammonium 
sulfate  is  possible.  This  procedure,  however,  is  attended  with  cer- 
tain disadvantages.  Bacterial  contamination  of  the  serum  neces- 
sarily occurs  during  the  procedures  attending  the  chemical  manipu- 
lations. Although  the  bacteria  may  be  removed  by  filtration  through 
a  Berkefeld  filter  and  their  growth  inhibited  by  the  addition  of  pre- 
servatives, the  products  of  bacterial  metabolism  remain  and  may  ex- 
hibit a  toxic  action  when  injected  intravenously.  It  is  doubtful, 
therefore,  whether  serum  concentrated  in  this  manner  should  be 
employed  for  intravenous  use. 

Gay  and  Chickering  (R15,  R16)  have  shown  that  the  mixture  of  a 
solution  of  pneumococcus  bodies  and  homologous  antiserum  results 
in  the  formation  of  a  voluminous  precipitate,  which  contains  practi- 
cally all  the  immune  substances  of  the  serum.  The  immune 
bodies  contained  in  this  precipitate  can  now  be  extracted  in  a  dilute 
alkaline  solution  at  42°C.  The  resulting  water-clear  extract  possesses 
the  power  to  protect  animals  against  pneumococcus  infection  and  it 
also  contains  other  demonstrable  antibodies,  such  as  agglutinins 
and  precipitins.  By  this  method  a  large  proportion  of  the  antibodies 
can  be  concentrated  in  a  volume  which  is  only  one-fifth  to  one- 
tenth  that  of  the  original  serum,  and  in  which  there  is  only  one-sixtieth 
of  the  native  protein.  This  biologic  method  of  concentrating  anti- 
pneumococcic serum,  while  yielding  an  end-product  which  is  ideal 
in  many  ways,  is  nevertheless  laborious  in  technique,  and  the  prep- 
arations obtained  are  of  very  inconstant  strength  and  are  not  stable. 
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While,  therefore,  concentration  of  antipneumococcic  serum  can  be 
effected  by  either  chemical  or  biologic  methods,  the  disadvantages 
attending  both  of  these  processes  are  such  that  as  yet  neither  has 
been  found  of  practical  utility. 

Standardization  of  Serum. 

In  order  that  any  serum  may  be  used  therapeutically,  it  is  important 
that  there  should  be  some  method  of  determining  the  strength  or  po- 
tency of  the  samples  employed.  Without  this,  no  constant  dosage 
can  be  obtained,  and  any  estimate  of  the  effectiveness  of  the  serum 
is  difficult  or  impossible.  The  method  used  for  standardization  of 
antitoxic  sera,  such  as  diphtheria  and  tetanus  antitoxin,  is  almost 
ideal.  Here  it  is  possible  to  establish  toxic  and  antitoxic  units, 
and  the  law  of  multiple  proportions  holds  good  for  these  units  within 
very  wide  limits;  if  1  cc.  of  serum  neutralizes  1,000  units  of  toxin, 
0.001  cc.  will  neutralize  1  unit  of  toxin,  or  100  cc.  will  neutralize  100,000 
units,  almost  with  the  constancy  of  chemical  acid-base  neutralization. 

An  analogous  method  of  standardization  for  antipneumococcic 
serum  has  been  proposed,  but  there  are  great  difficulties  in  the 
way  of  using  such  a  method  for  this  serum.  No  pneumococcus  toxin 
has  yet  been  demonstrated  and  the  employment  of  an  antitoxic  unit 
is  therefore  impossible.  Nevertheless,  it  might  be  possible  to  make 
use  of  the  same  principle  of  standardization,  using  bacteria  themselves 
instead  of  their  toxin,  provided  that  a  minimal  lethal  dose  of  bac- 
teria could  be  established,  and  provided  that  the  reaction  between 
the  minimal  lethal  doses  and  varying  quantities  of  serum  obeyed  the 
law  of  multiple  proportions.  The  attempt  to  employ  such  a  method 
has  been  made  by  Eyre  and  Washbourn  (3 )  and  others.  The  establish- 
ment of  a  minimal  lethal  dose  of  pneumococci,  however,  is  a  matter 
of  extreme  difficulty.  Pneumococci  vary  greatly  in  their  virulence 
from  time  to  time.  With  every  passage  through  an  animal  or  on 
artificial  culture  medium,  an  alteration  occurs.  This  change  may 
not  appear  very  great,  as  estimated  by  our  usual  methods,  but 
in  relation  to  the  great  accuracy  required  in  the  establishment  of 
a  minimal  lethal  dose,  the  changes  are  enormous.  It  is  only  in  organ- 
isms possessing  the  maximum  degree  of  virulence  that  the  virulence  is 
at  all  stable.     However,  when  cultures  of  high  virulence  are  inoculated 
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into  susceptible  animals,  as  rabbits  or  mice,  which  are  usually  employed 
for  these  tests,  it  is  found  that  very  few  bacteria,  at  times  even  a  single 
organism,  are  sufficient  to  cause  a  fatal  infection.  With  these  bacteria 
the  determination  of  the  minimal  lethal  dose  would  be  extremely 
difficult,  if  not  impossible.  Our  studies  indicate,  however,  that  if 
such  a  unit  could  be  established,  the  antiserum,  when  tested  against 
it,  would  probably  be  found  to  obey  the  law  of  multiple  proportions. 
Nevertheless,  on  account  of  the  difficulty  of  accurately  establishing  a 
minimal  lethal  dose,  this  method  does  not  at  the  present  time  seem 
practicable. 

This  failure  to  establish  a  unit  for  antipneumococcic  serum,  how- 
ever, is  not  so  serious  as  it  might  seem.  The  main  practical  object 
to  be  gained  by  the  employment  of  this  method  of  standardization 
would  be  that  the  dosage  might  be  very  accurately  regulated,  and  that 
sera  of  weak  power  might  be  employed,  provided  that  a  sufficient 
amount  were  used.  However,  experience  has  shown  that  the  maxi- 
mum strength  of  any  antipneumococcic  serum  that  can  be  produced 
by  present  methods  is  limited.  This  limit  is  quite  constant  and 
differs  for  the  different  types  of  pneumococci  employed.  In  order  to 
obtain  practical  results  in  treatment,  even  with  serum  of  this  maxi- 
mum strength,  very  large  amounts  must  be  used.  Therefore,  even 
if  we  had  such  a  method  of  standardization  as  that  above  mentioned, 
it  would  not  be  practical  to  employ  sera  of  low  potency,  nor  would 
it  be  of  great  advantage  to  be  able  to  estimate  very  accurately  the 
exact  potency  of  the  dosage.  Such  a  method  of  standardization  of 
antipneumococcic  serum  therefore  is,  at  the  present  time,  neither 
possible  nor  necessary. 

In  the  absence  of  an  absolute  standard,  it  might  be  possible  to 
devise  a  test  for  determining  the  relative  value  of  different  sera, 
by  making  use  of  certain  phenomena,  as  agglutination  or  opsoni- 
fication.  In  these  phenomena,  if  the  amount  of  bacteria  employed 
is  not  too  great,  the  reaction  is  entirely  proportional  to  the  con- 
centration of  the  serum  in  the  mixture,  not  to  its  actual  amount. 
At  least,  the  only  method  we  have  at  present  for  measuring  the 
power  of  a  serum  to  produce  agglutination,  consists  in  the  determi- 
nation of  the  maximum  dilution  at  which  the  serum  acts,  and  this  is 
practically  independent  of  the  number  of  bacteria  acted  upon.  There- 
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fore,  if  the  effectiveness  of  a  given  serum  depended  upon  its  agglu- 
tinating power  or  were  proportional  to  it,  this  property  could  be  em- 
ployed to  fix  the  strength  of  any  serum,  and  in  such  a  method  the 
great  variable,  the  living  bacteria,  would  be  eliminated.  Even  in 
the  absence  of  an  absolute  standard,  we  should  then  have  a  relative 
standard  of  efficiency.  If  bacteriotropic  power  were  employed,  how- 
ever, the  bacterial  variable  would  not  be  eliminated,  since  it  has 
been  shown  that  different  bacteria  vary  greatly  in  their  susceptibility 
to  the  action  of  bacteriotropic  sera,  and  this  variation  is  to  some 
degree  dependent  upon  virulence.  In  any  case,  however,  the  hope  of 
devising  a  method  of  standardization,  employing  either  agglutination 
or  bacteriotropic  action,  has  been  destroyed  by  the  observation  that, 
while  there  is  frequently  some  gross  quantitative  relationship  be- 
tween the  protective  action  of  a  serum  and  its  agglutinating  or  bac- 
teriotropic power,  this  relationship  is  inconstant.  For  instance,  we 
have  had  sera  with  high  protective  power  and  little  or  no  agglutinating 
power,  and  vice  versa. 

Although  it  is  not  possible  to  establish  an  anti-infection  unit  and 
although  it  is  not  possible  to  employ  the  properties  of  agglutination  or 
opsonification  in  the  ways  we  have  mentioned  for  estimating  the  rela- 
tive strength  of  sera,  it  is  still  possible  to  have  a  standard  that  will 
be  of  great  practical  value  in  the  therapeutic  employment  of  this 
serum.  If  a  minimum  potency  for  those  sera  that  are  to  be  employed 
therapeutically  can  be  established,  which  minimum  is  not  far  below 
the  maximum  possible,  we  shall  have  gone  far  in  standardizing  the 
treatment  of  cases  by  serum,  even  though  this  method  does  not 
make  possible  fine  distinctions  in  dosage  or  the  use  of  sera  of  weak 
strength.  It  is,  of  course,  necessary  that  serum  of  the  strength  de- 
termined upon  can  be  produced  without  too  great  difficulty.  Other- 
wise great  waste  would  result  and  the  whole  method  would  be- 
come impractical.  In  view  of  what  we  have  already  stated  in  regard 
to  agglutination  and  opsonification,  these  properties  cannot  be  em- 
ployed, but  the  potency  of  a  given  serum  must  be  ascertained  by  direct 
determination  of  the  protective  power  of  the  serum  for  animals.  In 
order  to  establish  by  this  method  such  a  limit  of  potency  as  we  have 
suggested  above,  there  must  be  some  constant  relationship  between 
the  size  of  the  infection  dose  and  the  amount  of  serum  necessary  to 
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protect;  in  other  words,  the  serum  must  obey  the  law  of  multiple 
proportions. 

Neufeld  (14),  who  first  studied  this  question,  decided  that  antipneumococcic 
serum,  as  tested  by  protective  power,  obeyed  this  law  only  within  given  limits 
and  under  certain  conditions.  His  experiments  seemed  to  show  that  the  results 
were  regular  until  the  serum  had  been  diminished  to  a  certain  amount,  depending 
on  the  weight  of  the  animal  employed.  When  an  amount  of  serum  less  than  this 
was  employed,  the  relation  of  serum  to  culture  no  longer  held  constant;  this 
smaller  amount  of  serum  would  protect  only  against  a  very  much  less  amount  of 
culture  than  that  calculated.  From  this  he  judged  that  to  obtain  effective  action, 
even  against  minimal  doses  of  culture,  a  given  concentration  of  serum  in  the  body 
(not  actual  amount)  is  required.  This  effective  limit  to  the  action  of  serum  he 
called  the  Schwellenwert.  His  experiments  were  performed  on  mice  and  he  did 
not  mix  the  culture  and  serum  before  injection,  but  injected  them  separately 
in  different  parts  of  the  body  and  usually  allowed  a  period  of  time  to  elapse  be- 
tween the  injection  of  the  serum  and  that  of  the  culture. 

This  matter  was  later  studied  in  this  hospital,  but  rats  were  em- 
ployed and  the  given  amounts  of  culture  and  serum  were  mixed  in 
the  syringe  immediately  before  injection.  It  was  found  that  the  law 
of  multiple  proportions  held  valid  as  long  as  small  amounts  of 
culture  and  serum  were  employed;  that  even  extraordinarily  small 
amounts  of  serum  would  protect  against  proportionally  small  doses 
of  culture.  The  relative  amount  of  serum  necessary  to  protect  against 
larger  doses  of  culture  became  greater  and  greater,  however,  as  the 
size  of  the  doses  of  culture  was  increased,  until  finally  no  amount  of 
serum,  however  large,  was  able  to  protect. 

The  explanation  of  Neufeld 's  results  lies  in  the  fact  that  the  serum 
was  injected  separately  from  the  culture  and,  owing  to  the  length  of 
time  required  for  diffusion  of  small  amounts,  multiplication  of  the  bac- 
teria had  occurred  and  the  degree  of  infection  had  increased  enor- 
mously and  the  infection  had  become  widespread  before  the  serum 
became  effective  at  the  site  of  injection.  Our  experiments  suggest 
that  in  the  action  of  immune  serum  a  body  or  tissue  factor  is  essen- 
tial, in  addition  to  the  substance  contained  in  the  serum.  If  the  infec- 
tion is  not  too  great,  this  factor  is  adequate.  If, however,  the  infection 
is  enormous,  this  factor  is  no  longer  sufficient.  Within  given  limits, 
however,  any  variations  in  this  factor  are  not  important  and,  more- 
over,  within   these  limits  the  relation  of  serum  to  culture  is  fairly 
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constant.  This  fact  is  of  great  importance,  as  upon  its  validity 
depends  the  possibility  of  establishing  a  standard  of  potency. 

From  these  experiments  and  those  of  Neufeld,  it  has  been  decided 
justifiable  to  fix  a  definite  standard  of  strength  to  which  sera  used 
for  therapeutic  purposes  should  conform,  determining  this  strength 
by  direct  estimations  of  the  protective  action  of  a  definite  fixed 
amount  of  the  serum  for  mice  against  variable  amounts  of  culture  of 
high  virulence.  In  such  estimations  as  these  it  is  obvious  that  while 
variations  in  virulence  are  important,  slight  variations  make  no  great 
difference,  as  they  would  in  determination  of  the  minimal  lethal  dose, 
provided  that  the  virulence  is  near  maximum.  The  amount  of  serum 
to  be  employed  in  the  tests  also  is  not  of  great  importance,  provided 
that  it  is  always  the  same  and  provided  that  it  is  selected  within 
the  limits  where  the  law  of  multiple  proportions  holds  valid. 

Theoretically,  it  would  be  better  to  titrate  several  amounts  of  serum 
against  varying  amounts  of  culture,  choosing  these  amounts  of  serum 
at  various  levels.  Practically,  however,  this  would  render  the 
method  too  complicated  for  ordinary  use,  and  it  has  been  found  suffi- 
cient to  use  one  amount  of  serum,  provided  that  this  amount  is  not 
too  great  or  too  small,  and  that  the  same  amount  is  used  for  all  tests. 

Neufeld  (17)  used  0.2  cc.  of  serum  for  this  purpose  and  we  have 
found  this  satisfactory.  Wadsworth  and  Kirkbride  (30)  have  recom- 
mended using  0.1  cc.  of  serum  without,  however,  giving  any  definite 
reasons  for  the  change.  Since  much  work  has  already  been  done 
using  0.2  cc,  it  seems  best  to  continue  this  method. 

We  realize  that  the  method  of  standardization  which  we  advise  is 
far  from  ideal.  At  the  present  time,  however,  it  seems  to  be  the 
only  practical  one,  and,  if  applied  with  care  and  attention  to  details, 
it  will  at  least  prevent  the  use  of  sera  of  low  potency,  and,  we  be- 
lieve, will  make  the  therapeutic  use  of  antipneumococcic  serum  both 
possible  and  effective. 

Technique  of  Standardization  Test. — In  making  a  practical  test  of  the 
protective  power  of  the  serum,  white  mice  weighing  18  to  22  gm.  are 
employed.  The  largest  amount  of  an  18  hour  broth  culture  of  the 
homologous  pneumococcus  against  which  a  constant  quantity  of 
the  serum,  0.2  cc,  will  protect,  is  determined.  Various  dilutions 
of  the  broth  culture  are  so  prepared  that  each  0.5  cc.  of  the  mixtures 
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contains  a  given  quantity  of  the  pneumococcus  culture,  from  0.2  cc. 
to  0.0000001  cc.  The  dilutions  are  made  in  peptone  broth  similar 
to  that  in  which  the  bacteria  are  grown,  and  a  separate  pipette  is 
used  for  making  each  dilution  in  order  that  an  accurate  distribution 
of  the  bacteria  may  be  obtained,  and  to  avoid  carrying  over  any 
bacteria  from  the  lower  to  the  higher  dilutions.  The  dilutions  are 
made  immediately  before  being  used  so  that  no  growth  or  other  change 
may  occur  in  the  mixtures.  At  the  same  time  a  small  amount  of 
the  serum  is  diluted  in  broth,  two  parts  of  serum  to  three  of  broth, 
so  that  0.2  cc.  of  serum  is  contained  in  each  0.5  cc.  of  the  mixture. 
When  injecting  the  animal,  0.5  cc.  of  the  diluted  serum  is  taken  up 
into  a  2  cc.  Luer  syringe  and  then  0.5  cc.  of  the  diluted  culture  which 
is  to  be  injected.  The  mixture  of  serum  and  culture  is  then  injected 
at  once  intraperitoneally.  The  needle  of  the  syringe  is  run  under  the 
skin  a  little  above  and  parallel  to  Poupart's  ligament  and  then  ob- 
liquely through  the  abdominal  wall.  By  this  method  injury  to  the 
liver,  large  blood  vessels,  or  kidneys  is  avoided.  In  making  a  test 
of  a  given  amount  of  serum,  usually  injections  are  .made  of  0.2, 
0.1,  0.01,  0.001,  and  0.0001  cc.  of  culture,  each  mixed  with  0.2  cc. 
of  the  serum  to  be  tested.  It  is  best  to  inject  two  mice  with  each  of 
these  amounts.  In  making  the  series  of  injections  one  should  com- 
mence with  the  mixtures  containing  the  smallest  amount  of  culture. 
It  is  then  possible  to  use  one  syringe  for  all  the  injections.  As  a  con- 
trol of  the  virulence  of  the  organisms  used,  another  series  of  mice 
should  be  injected  with  these  dilutions  of  culture,  each  with  0.2  cc.  of 
the  standard  serum.  Any  marked  variations  in  the  virulence  of 
the  organism  employed  will  then  become  evident,  since  by  the  protec- 
tive power  of  the  standard  serum  against  the  culture  of  organism  em- 
ployed, the  virulence  of  the  latter  may  be  estimated.  As  a  further 
control  of  the  virulence  of  the  organism,  three  mice  are  injected  in- 
traperitoneally, one  receiving  0.0000001  cc,  one  0.000001  cc,  and 
one  0.00001  cc.  of  culture.  The  actual  number  of  organisms  contained 
in  the  culture  employed  is  determined  by  making  agar  plates  from 
each  of  these  dilutions  of  culture  and  estimating  the  number  of  colo- 
nies appearing  after  24  hours'  incubation.  With  the  same  proportion 
of  peptone  in  the  broth  and  a  standard  acidity,  it  is  surprising  how 
nearly  equal  the  numbers  of  bacteria  contained  in  1  cc.  of  each  of  the 
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various  cultures  are.  Usually  0.0000001  cc.  of  culture  gives  rise  to  10 
to  30  colonies  on  the  plate,  which  means  that  the  number  of  bacteria 
contained  in  1  cc.  of  the  broth  culture  is  from  100  to  300  million. 
It  is  our  plan  to  mark  the  mice  by  staining  a  given  part  with  carmine, 
and  it  is  well  to  have  a  regular  system  for  doing  this  and  marking 
each  animal  before  it  is  released  from  the  hand.  As  the  mice  are 
injected,  they  are  placed  in  glass  jars  containing  sawdust  and  covered 
with  pieces  of  wire  netting.  Care  should  be  taken  that  they  are 
not  overcrowded  (not  more  than  three  or  four  mice  in  a  jar)  and  they 
should  be  kept  in  a  room  with  an  even  temperature.  They  should  be 
observed  over  a  period  of  5  days.  With  a  virulent  pneumococcus  the 
controls,  receiving  culture  alone,  should  die  within  48  hours.  These 
mice,  as  well  as  those  unprotected  by  the  serum,  should  have  cul- 
tures made  from  the  heart's  blood  in  order  to  make  sure  that  pneu- 
mococci  are  present  and  that  some  extraneous  factor  has  not  been  the 
cause  of  death. 

The  best  Type  I  sera  that  we  have  been  able  to  produce  have 
not  protected  regularly  against  doses  higher  than  0.2  to  0.5  cc.  of 
culture.  Most  of  them  have  not  protected  regularly  against  doses 
over  0.2  cc.  We  believe,  therefore,  that  for  therapeutic  use  only 
those  sera  should  be  employed  which  in  doses  of  0.2  cc.  protect  regu- 
larly against  at  least  0.1  cc.  of  a  culture  which  is  shown  by  the  ani- 
mal and  standard  serum  tests  to  be  of  proper  virulence.  The  viru- 
lence of  the  organism  used  in  the  protection  test  is  usually  such  that 
0.000001  cc.  of  an  18  hour  broth  culture  will  kill  a  mouse  of  20  gm. 
weight  within  48  hours.  The  following  protocol  illustrates  the  exact 
method  of  carrying  out  the  test: 
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Typical  Protocol  of  Standardization  Test. 


No.  of  mouse, 


Marked. 


Culture. 


Serum. 


Result. 


Serum,  Horse  XX,  Lot  4. 


cc. 

cc. 

1 

Head. 

0.2 

0.2 

D.*  48  hrs. 

2 

<( 

0.2 

0.2 

S.       5  days. 

3 

Back. 

0.1 

0.2 

S.       5     " 

4 

« 

0.1 

0.2 

S.       5     " 

5 

Right  hind  leg. 

0.01 

0.2 

S.       5     " 

6 

tt             11       it 

0.01 

0.2 

S.       5     " 

7 

Left        "    " 

0.001 

0.2 

S.       5     " 

8 

tt        it    it 

0.001 

0.2 

S.       5     " 

9 

Right  fore    " 

0.0001 

0.2 

S.       5     " 

10 

tt               it        tt 

0.0001 

0.2 

S.       5     " 

Standard  serum. 


*  D.,  died;  S.,  survived. 


11 

Head. 

0.5 

0.2 

D. 

4  days. 

12 

Back. 

0.4 

0.2 

D. 

48  hrs. 

13 

Right  hind  leg. 

0.3 

0.2 

S. 

5  days. 

14 

Left        "    " 

0.2 

0.2 

S. 

5     " 

15 

Right  fore  " 

0.1 

0.2 

s. 

5     " 

16 

Left        "    " 

0.01 

0.2 

s. 

5     " 

17 

Head. 

0.00001 

— 

D. 

12  hrs. 

18 

Back. 

0.000001 

- 

D. 

24     " 

19 

Right  hind  leg. 

0.0000001 

— 

D. 

36     " 

In  our  experience  sera  produced  by  the  injection  of  Type  II  or- 
ganisms never  regularly  protect  higher  than  in  the  ratio  of  0.2  cc.  of 
serum  to  0.01  cc.  of  culture.  The  protective  power  of  Type  III  serum 
is  still  less. 


SERUM  TREATMEN1. 
Indications  for  Serum  Treatment. 

It  has  been  proposed  by  others  that  immediately  after  admission 
to  a  hospital  or  after  coming  under  the  care  of  a  physician  and  before 
the  type  of  infection  is  determined,  every  patient  should  receive  a 
large  dose  of  antipneumococcic  serum  of  Type  I  or  a  polyvalent 
serum  containing  antibodies  to  Type  I  pneumococcus.  The  purpose 
of  employing  this  method  is  to  avoid  the  delay  incident  to  the  de- 
termination of  the  nature  of  the  infection.  Later,  if  the  infection 
proves  to  be  due  to  Type  I  pneumococcus,  the  treatment  may  be 
continued;  otherwise  it  may  be  stopped.  As  we  shall  show  later,  the 
administration  of  serum  is  frequently  followed  by  general  constitu- 
tional reactions  and,  if  this  method  were  employed,  many  patients 
in  whom  the  serum  could  be  of  no  possible  value  would  be  subjected 
to  these  reactions.  The  time  gained  would  not  be  great,  since,  in 
most  cases,  the  type  of  infection  can  be  determined  within  6  to  18 
hours,  and  during  this  time,  if  the  patient  is  sensitive  to  horse  serum, 
he  can  be  desensitized.  Pneumonia  is  the  easiest  of  the  acute  infec- 
tious diseases  to  diagnose.  If  the  importance  of  early  diagnosis  and  of 
type  determinations  were  generally  recognized,  serum  treatment  could 
be  commenced  very  early  in  most  patients,  even  though  the  etiologic 
diagnosis  caused  slight  delay.  We  therefore  believe  that  except  in 
emergencies  the  administration  of  serum  should  only  follow  the 
determination  of  the  nature  of  the  infection. 

As  soon  as  the  type  of  pneumococcus  responsible  for  the  infection 
has  been  determined,  if  it  proves  to  be  Type  I,  serum  treatment 
should  be  undertaken  at  once  in  all  cases,  except  in  very  young  chil- 
dren who  appear  but  little  intoxicated  by  the  infection  and  in  whom 
the  prognosis  is  good  and  the  difficulty  of  treatment  great.  In 
the  case  of  adults,  first  seen  late  in  the  disease,  apparently  mildly 
ill,  and  already  showing  signs  of  decreasing  fever  and  intoxication, 
serum  treatment  may  also  be  unnecessary.     When  cases  are  seen  late 

542 


AVERY,    CHICKERING,   COLE,   AND   DOCHEZ  543 

in  the  disease,  still  very  ill,  one  should  be  extremely  careful  to  elimi- 
nate complications  as  the  cause  of  the  symptoms.  The  value  of  the 
intravenous  use  of  antipneumococcic  serum  in  otitis  media,  empyema, 
pelvic  or  joint  abscesses,  pneumococcus  pericarditis,  or  meningeal  in- 
fections has  not  been  demonstrated.  Occasionally  one  is  tempted  not 
to  use  serum,  or  at  least  to  wait  a  day  or  two,  in  cases  which  seem 
relatively  mild  at  onset.  This  is  believed  to  be  most  unwise,  as  fre- 
quently the  pathologic  process  spreads  insidiously,  giving  little  evi- 
dence of  intoxication  for  several  days,  when  suddenly  the  picture 
changes,  the  pulse,  temperature,  and  respiration  rise,  cyanosis  deepens, 
and  the  end  comes  too  soon  to  be  influenced  by  the  tardy  use  of  the 
specific  serum. 

Occasionally  one  first  sees  a  case  at  a  time  when  consolidation  of  an- 
other lobe  is  taking  place.  At  such  a  time  the  temperature  may 
perhaps  be  lower  and  the  heart  rate  and  respirations  slightly  less 
rapid  than  previously.  On  the  other  hand,  the  general  appearance 
of  the  patient  does  not  seem  reassuring;  he  may  appear  prostrated, 
and  the  extremities  may  be  moist  and  clammy.  In  a  few  hours  the 
temperature  rises  again,  and  the  following  day  the  signs  of  more  exten- 
sive consolidation  may  be  more  apparent.  These  cases  especially  need 
immediate  treatment  when  first  seen  if  the  further  spread  of  the 
disease  is  to  be  prevented. 

Administration  of  Serum. 

Antipneumococcic  serum  can  be  administered  most  easily  in  a 
hospital  where  trained  assistants  and  sterile  materials  are  always 
available,  but  it  may  be  given  anywhere,  in  the  home  or  in  the  field, 
in  fact  wherever  water  can  be  boiled  and  iodine  and  alcohol 
obtained. 

Following  the  administration  of  foreign  serum,  especially  the  large 
amounts  necessary  in  this  form  of  therapy,  the  patient  may  exhibit 
certain  symptoms  which  are  entirely  due  to  the  foreign  protein  and 
have  nothing  to  do  with  the  content  of  the  serum  in  antibodies. 
This  reaction  is  identical  with,  or  at  least  analogous  to  the  so  called 
anaphylactic  reactions  seen  in  animals.  It  is  very  important  that, 
before  serum  is  administered,  every  effort  should  be  made  to  ascertain 
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whether  patients  are  highly  sensitive  to  horse  serum,  in  order  that 
such  reactions  may  be  guarded  against.  The  detection  of  serum 
sensitiveness  is  not  difficult.  Every  patient  with  pneumonia,  imme- 
diately on  admission  to  the  hospital  or  after  coming  under  the  physi- 
cian's care,  should  receive  proper  tests  to  determine  this  fact,  since, 
if  he  proves  to  be  infected  with  Type  I  pneumococcus,  serum  should 
be  administered. 

The  patient  is  first  questioned  for  a  history  of  previous  injections 
of  immune  sera  for  diphtheria,  meningitis,  or  for  tetanus  infections. 
He  is  also  questioned  concerning  previous  symptoms  suggesting 
asthma  or  hay  fever,  since  persons  having  such  symptoms  are  likely 
to  be  sensitive  to  various  proteins,  including  those  in  serum.  In  any 
event,  however,  an  intradermal  skin  test  is  performed. 

Intradermal  Skin  Test. — The  skin,  preferably  over  the  forearm, 
is  carefully  cleaned  with  soap  and  water  and  alcohol,  taking  care 
not  to  make  the  skin  red  or  inflamed.  If  the  skin  is  gently  patted, 
instead  of  rubbed,  with  a  gauze  sponge,  no  irritation  develops.  With 
a  small  syringe,  preferably  of  the  type  used  for  tuberculin  injections, 
and  a  fine  needle,  about  No.  28  gauge,  0.02  cc.  of  sterile  diluted  horse 
serum  (normal  or  immune),  diluted  with  salt  solution  1:10,  is  in- 
jected into  the  skin,  not  subcutaneously,  so  that  a  small  white  wheal 
about  3  mm.  in  diameter  showing  the  little  depressions  of  the  hair 
follicles  is  produced.  An  injection  of  a  like  amount  of  sterile  salt 
solution  is  made  as  a  control.  It  is  advisable  to  make  the  serum  and 
the  control  injections  at  one  level  on  the  forearm,  about  3  to  4  cm. 
apart,  in  order  that  the  test  may  not  be  obscured  by  the  possible 
spreading  of  the  injected  material  along  the  lymphatics. 

The  points  of  injection  should  be  observed  at  intervals  for  1  hour. 
Usually  after  a  few  minutes  the  wheal  produced  by  the  salt  solution 
disappears,  leaving  no  alteration  in  the  skin  except  the  small  needle 
puncture.  If  the  test  is  negative,  that  is,  if  no  evidence  is  obtained 
of  horse  serum  sensitiveness,  the  wheal  produced  by  the  serum  in- 
jection fades  away  also  almost  as  rapidly.  On  the  other  hand,  if 
sensitiveness  does  exist,  usually  within  5  minutes  a  genuine  urticarial 
wheal  begins  to  develop,  which  may  increase  slowly  in  size  up  to 
that  of  a  half  dollar,  the  wheal  in  turn  being  surrounded  by  a  larger 
area  of  erythema.     This  lesion  usually  reaches  its  maximum  entent 


AVERY,  CHICKERING,  COLE,  AND  DOCHEZ  545 

within  1  hour  and  fades  away  rapidly,  disappearing  entirely  withir. 
a  few  hours.  A  faint  erythema  may  persist  for  a  day  or  more. 
There  are  usually  no  subjective  symptoms  from  this  intradermal  injec- 
tion, except  occasionally  slight  itching  at  the  point  of  injection.  Very 
rarely,  in  individuals  extremely  sensitive  to  horse  serum,  the  in- 
jection of  this  small  amount  of  serum,  0.002  cc,  has  been  known  to 
produce  general  symptoms,  flushing  of  the  face,  increased  rapidity 
of  the  heart  rate,  and  respiratory  discomfort. 

De sensitization. — It  has  been  shown  that  even  very  susceptible 
and  highly  sensitized  animals  may  be  completely  desensitized,  so 
that  they  can  tolerate  large  amounts  of  the  serum  to  which  they  are 
sensitive,  if  repeated  injections  are  made,  beginning  with  an  ex- 
tremely minute  dose  and  following  this  with  doses  of  gradually 
increasing  size.  Even  administering  the  serum  with  extreme  slow- 
ness may  be  sufficient  to  prevent  anaphylactic  shock,  or  the  adminis- 
tration of  a  very  small  dose,  several  hours  before  the  large  injection, 
may  protect  animals  that  are  not  highly  sensitive.-  Therefore, 
for  purposes  of  desensitization,  it  is  advisable  to  inject  0.5  to 
1  cc.  of  antipneumococcic  serum  or  sterile  normal  horse  serum  sub- 
cutaneously  into  every  pneumonia  patient  as  soon  as  the  skin  test  is 
completed,  even  though  the  intradermal  skin  test  is  negative,  for 
occasionally  one  sees  a  patient  in  whom  the  skin  test  appears  to  be 
negative  and  yet  in  whom,  on  the  injection  of  large  amounts  of  serum, 
slight  symptoms  of  serum  sensitiveness  appear.  It  is  believed  that 
the  subcutaneous  injection  of  a  small  dose  of  serum  will  desensitize 
a  patient  for  from  6  to  8  hours  to  several  days.  However,  this  pro- 
cedure should  not  be  relied  upon  to  the  extent  of  giving  the  subse- 
quent intravenous  dose  at  a  rapid  rate.  We  know  of  at  least  one 
instance  in  which  a  desensitizing  dose  of  1  cc.  of  serum  injected  sub- 
cutaneously  failed  to  prevent  the  development  of  a  severe  anaphy- 
lactic reaction  in  a  patient  who  had  received  an  intravenous  dose  of 
serum  10  days  before.  In  our  hands,  however,  the  use  of  the  pre- 
liminary intradermal  and  subcutaneous  serum  injections,  we  believe, 
has  contributed  much  to  our  freedom  from  untoward  symptoms 
during  or  after  serum  treatment. 

If  the  intradermal  skin  test  is  positive,  indicating  that  the  patient 
is  sensitive  to  horse  serum  and  if  the  infection  is  due  to  Type  I  pneu- 
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mococcus,  in  which  case  the  patient  should  receive  serum  treatment, 
a  more  thorough  method  for  desensitization  must  be  employed.  This 
should  consist  in  giving  extremely  small  amounts  of  serum  subcu- 
taneously  at  \  hour  intervals,  doubling  the  size  of  the  dose  at  each 
injection.  One  can  safely  begin  with  the  injection  of  0.025  cc.  of 
serum.  If  no  reaction  follows  the  injection  of  1  cc,  subsequent 
doses  may  be  given  intravenously,  also  at  \  hour  intervals,  beginning 
with  0.1  cc.  and  doubling  the  dose  at  each  injection.  If  a  general 
reaction  occurs,  or  cyanosis,  dyspnea,  or  increased  rapidity  of  the 
heart  rate  supervenes,  the  injections  should  be  suspended  for  2  to  4 
hours,  depending  upon  the  severity  of  the  reaction,  and  then  be 
resumed,  starting  with  the  same  dose  as  that  producing  the  reaction. 
After  25  cc.  of  serum  have  been  given  in  these  small  doses,  after  a 
lapse  of  4  hours,  50  cc.  may  be  given,  followed  by  the  regular  dose  6 
to  8  hours  later.  The  desensitization  of  a  patient  is  a  tedious  and 
time-consuming  procedure.  Fortunately  one  rarely  is  called  upon 
to  employ  this  measure.  It  has  been  found  necessary  to  desensi- 
tize in  this  way  only  two  or  three  patients  in  a  series  of  over  150  cases. 
Technique  of  Treatment. — In  preparing  for  the  intravenous  in- 
jection of  serum  it  is  best,  though  not  necessary,  to  have  a  sterile 
field;  that  is,  sterile  towels,  gloves,  etc.  It  is,  however,  quite  possible 
to  inject  serum  aseptically  with  only  a  package  of  sterile  gauze 
sponges  and  iodine  and  alcohol  to  disinfect  the  patient's  skin  about 
the  point  of  injection.  The  apparatus  for  injecting  the  serum  is  shown 
in  Text-fig.  2  and  consists  of  the  following: 

1.  Sterile  container  for  mixture  of  antipneumococcic  serum  and  sterile  freshly 
distilled  normal  salt  solution. 

2.  Rubber  tubing,  4  feet  long,  and  a  three-way  stop-cock. 

3.  Short  piece  of  glass  tubing  for  a  window. 

4.  Rubber  stopper  with  double  holes  through  which  are  thrust  two  pieces  of 
glass  tubing.  One  tube  is  long  enough  to  reach  nearly  to  the  bottom  of  the 
container,  and  through  this  air  enters  the  container  when  the  latter  is  inverted. 
The  other  shorter  glass  tube  forms  the  outlet  for  the  serum. 

5.  Two  sharp  needles  and  needle  holder. 

6.  One  20  cc.  Luer  all  glass  syringe. 

7.  One  2  cc.  Luer  all  glass  syringe  with  hypodermic  needles. 

8.  Thumb  forceps. 

9.  Medicine  glass. 
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Text-Fig.  2.  Apparatus  for  injection  of  serum. 


All  this  apparatus  should  be  assembled  and  sterilized  by  boiling 
for  20  minutes  in  a  covered  dish.  It  is  important  to  rinse  out 
the  tubing  thoroughly  after  it  has  been  used;  otherwise  with  a  sub- 
sequent sterilization  any  serum  remaining  in  the  tubing  will  be  coagu- 
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lated  and  plug  the  apparatus.  This  material  in  the  tubing  may  also 
be  responsible  for  unexpected  reactions  on  the  part  of  the  patient 
when  it  is  accidentally  injected  along  with  the  serum.  To  avoid 
this  difficulty,  the  rubber  tubing  may  be  almost  entirely  replaced  by 
lengths  of  glass  tubing  short  enough  to  be  contained  in  the  sterilizing 
receptacle.  These  are  connected  by  short  pieces  of  rubber  tubing  2 
inches  long,  which  are  easily  cleaned  and  can  frequently  be  discarded 
for  fresh  ones.  The  serum  should  be  warmed  before  injection  to 
slightly  above  body  temperature.  It  has  been  customary  to  dilute 
the  antipneumococcic  serum  with  equal  parts  of  sterile  freshly  dis- 
tilled (glass  still)  salt  solution  just  before  the  injection  is  made. 
This  makes  the  serum  less  viscous  and  facilitates  its  flow  through 
the  tubing.  If  salt  solution  properly  prepared  for  intravenous  use 
cannot  be  obtained,  the  serum  may  be  used  in  its  undiluted  condition. 
The  slow  injection  of  the  smaller  amount  of  fluid  during  25  to  30 
minutes  is,  however,  somewhat  difficult. 

When  one  is  ready  to  make  the  injection,  the  serum  is  transferred  to 
the  container  by  means  of  a  sterile  pipette.  In  this  way  the  trans- 
ference of  the  small  amount  of  sediment  which  is  always  present  in 
the  bottom  of  the  bottle  (if  care  has  been  taken  to  prevent  shaking) 
can  be  avoided.  If  no  pipette  is  at  hand,  the  serum  may  be  carefully 
poured  from  the  bottle  to  the  container,  taking  care  that  the  sediment 
is  not  disturbed.  This  sediment  may  do  no  special  harm,  but  its 
administration  should  be  avoided  if  possible.  When  no  container 
is  available,  the  serum  may  be  injected  directly  from  the  bottle,  with 
a  syringe  with  a  long  needle.  The  method  described,  however,  is 
the  one  of  choice. 

Having  filled  the  container,  the  cork  is  inserted  and  prevented 
from  falling  out  by  strips  of  adhesive  tape.  The  bottle  is  inverted 
and  attached  to  the  side  of  the  bed  or  to  an  irrigating  stand.  After 
allowing  the  serum  to  fill  the  tubing,  the  needle  is  introduced  into 
a  convenient  vein,  usually  at  the  bend  of  the  elbow,  the  overlying 
skin  being  previously  cleansed  with  iodine  and  alcohol.  If  one  has 
facilities  for  making  blood  cultures,  it  is  wise  to  take  about  10  to  15  cc. 
of  blood  for  blood  culture  before  beginning  the  serum  injection.  The 
serum  may  be  allowed  to  run  into  the  vein  very  slowly  by  gravity, 
but  may  be  more  easily  and  accurately  controlled  by  aspirating  it 


AVERY,    CHICKERING,    COLE,   AND   DOCHEZ  549 

into  the  syringe  and  then  in  turn  injecting  it  into  the  vein  (Fig.  5). 
In  this  way  it  is  possible,  and  indeed  advisable,  that  the  steady  and 
slow  injection  of  the  first  10  to  15  cc.  of  serum  should  occupy  10  to 
15  minutes.  During  this  period  one  watches  carefully  for  any  change 
in  the  patient's  appearance  and  for  increased  rapidity  of  the  pulse, 
respiratory  difficulty,  pallor,  cyanosis,  or  urticaria.  If  these  symptoms 
appear,  it  is  well  to  stop  the  injection  of  serum  for  a  few  minutes,  15 
to  20,  to  see  if  the  symptoms  increase  in  severity.  Usually  they 
rapidly  disappear  and  the  injection  can  be  resumed.  The  needle 
can  be  easily  kept  free  from  clots  by  slowly  injecting  salt  solution  with 
the  detached  syringe.  The  serum  can  be  kept  at  about  body  tem- 
perature when  being  injected  slowly  by  placing  the  tubing  between 
two  hot  water  bags  just  before  it  reaches  the  patient. 

Except  in  very  rare  instances,  no  symptoms  arise  during  the  in- 
jection of  the  first  10  or  15  cc.  of  serum,  and  the  injection  may  then 
be  completed  more  rapidly  in  10  to  15  minutes.  As  soon  as  the  needle 
is  in  the  vein  and  is  kept  motionless,  the  patient  experiences  no  dis- 
comfort; in  fact,  in  most  cases  the  patient  dozes  quietly  during  the 
treatment.  With  nervous  individuals,  the  infiltration  of  a  small 
area  of  the  skin  at  the  point  of  injection  with  1  per  cent  cocaine  or 
novocaine  solution  renders  the  whole  procedure  painless. 

Dosage  and  Frequency  of  Treatments. 

Practical  experience  has  now  shown  that  for  antipneumococcic 
serum  to  be  effective  it  must  be  given  in  large  doses  and  intrave- 
nously, in  order  that  a  wide  distribution  of  immune  bodies  throughout 
the  body  may  occur  rapidly.  As  previously  stated,  the  exact  mode 
of  action  of  the  serum  is  not  yet  certain;  nevertheless  to  obtain  satis- 
factory results,  it  is  necessary  to  inject  sufficient  serum  to  produce 
in  the  patient's  blood  a  concentration  of  antibodies  such  as  that  which 
occurs  during  natural  recovery  from  the  disease,  for  we  believe 
that  it  is  largely  upon  this  factor  that  recovery  depends  (15,  R32). 
If  to  obtain  this  result  required  merely  the  addition  of  a  definite 
amount  of  the  serum  to  the  patient's  blood,  just  as  we  might 
make  a  dilution  of  the  serum  in  normal  blood  in  the  test-tube,  there 
would  be  little  difficulty.     However,  experiments  have  shown  that  (R 
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30)  not  only  do  the  bacteria  circulating  in  the  blood  fix  antibodies  and 
so  render  them  ineffective,  but  in  the  infected  patients  the  blood 
contains  soluble  substances  which  fix  antibodies  just  as  do  the 
bacteria  themselves.  In  the  severely  infected  patients  these  soluble 
substances  may  be  present  in  very  large  amounts,  and  it  is  only  after 
these  substances  are  all  saturated  that  an  effective  concentration  of 
immune  bodies  in  the  blood  can  be  obtained.  Moreover,  it  is  not 
only  necessary  that  the  desired  concentration  of  antibodies  should 
be  present  immediately  following  the  injection,  but  also  that  this  con- 
centration should  be  maintained.  We  have  shown  that  as  soon  as  this 
object  is  accomplished,  unless  the  infection  has  lasted  too  long  and 
has  become  too  great,  there  occurs  a  fall  of  temperature  and  recovery 
from  the  disease. 

The  amount  of  serum  necessary,  therefore,  will  vary  in  each  case. 
At  present  we  have  no  means  of  deciding  in  the  individual  case  what 
the  primary  dose  should  be.  Neufeld,  on  the  basis  of  the  theory  of 
Schwellenwerl,  decided  that  in  the  average  man  the  dose  should  be 
about  75  cc.  We  also  think  the  dose  should  be  large  and,  from  our 
experience  and  from  the  observations  concerning  neutralizing  sub- 
stances in  the  blood  of  infected  patients,  we  have  established  more  or 
less  arbitrarily  an  initial  dose  of  our  standard  serum  of  90  to  100  cc. 
The  frequency  and  size  of  the  succeeding  doses  must  be  regulated 
largely  by  the  effects  obtained  from  those  preceding.  It  was  hoped 
that  it  might  be  possible  to  regulate  the  succeeding  doses  by  determin- 
ing the  antibody  content  of  the  patient's  blood  at  frequent  intervals. 
This  procedure  is  too  complicated  to  be  carried  out  regularly,  even  in 
hospitals  that  are  best  equipped  for  such  work.  In  others  this  method 
is  absolutely  impossible.  We  must  therefore  be  guided  by  the  experi- 
ence already  gained  from  the  careful  study  of  a  series  of  cases.  We 
have  concluded  from  these  studies  that  it  is  extremely  important  that 
once  having  started  specific  treatment,  it  should  be  continued  until  a 
definite  favorable  result  has  been  obtained  and,  in  order  to  accomplish 
this,  the  serum  should  be  given  every  8  hours  in  doses  of  90  to  100  cc. 
unless  there  are  indications  to  the  contrary.  Our  experience  has 
indicated  that  the  total  amount  of  serum  required  may  be  diminished 
by  active  and  persistent  treatment  at  the  start.  The  average  total 
amount  of  serum  required  in  our  cases  treated  during  the  past  winter 
has  been  about  250  cc. 
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In  a  considerable  number  of  cases,  within  20  minutes  to  an  hour 
following  the  injection  of  serum  there  occurs  an  elevation  of  tempera- 
ture, followed  by  a  marked  fall.  This  is  described  in  the  following 
pages  as  the  so  called  thermal  reaction.  If  the  temperature  con- 
tinues low  and  the  patient's  condition  is  good,  no  further  administra- 
tion of  serum  is  necessary.  These  patients,  however,  must  be  very 
carefully  watched.  The  temperature  should  be  taken  every  2  hours 
and,  if  the  temperature  during  the  next  24  hours  rises  to  102°F.  or 
over,  a  second  dose  of  serum  should  at  once  be  administered.  If  no 
fall  of  temperature  occurs  following  the  first  dose,  or  if  it  does  not 
fall  to  102°F.  within  8  hours,  the  second  dose  of  serum  should  then  be 
given.  It  is  obvious  that  this  rule  should  not  be  absolutely  hard 
and  fast,  for  the  temperature  is  not  the  only  guide  to  the  patient's 
condition.  However,  it  is  better  to  err  on  the  side  of  giving  the  serum 
too  soon  than  of  delaying  too  long. 

If,  following  the  second  dose  of  serum,  no  reaction  occurs,  within 
8  hours  another  similar  dose  should  be  administered,  and  this  should 
be  repeated  as  often  as  necessary.  The  patient  should  be  observed 
day  and  night  and  the  treatments  should  be  given  at  night  as  well  as 
by  day  whenever  necessary.  In  the  cases  in  which  no  reaction  is 
obtained  after  several  doses  of  serum,  great  care  must  be  exercised 
to  detect  the  presence  of  complications  such  as  empyema  or  otitis 
media,  to  which  the  persistence  of  temperature  may  be  due  and  on 
which  the  failure  of  the  serum  to  act  depends. 

Serum  Reactions. 

The  injection  of  serum  may  be  followed  by  several  types  of  reaction ; 
first,  the  true  anaphylactic  reaction,  second,  the  so  called  thermal 
reaction,  and  finally,  usually  at  a  later  period,  the  symptom  complex 
called  serum  sickness  or  serum  disease. 

Anaphylactic  Reaction. — In  individuals  who  are  sensitive  to  horse 
serum,  there  may  develop  at  once  or  within  15  or  20  minutes  after 
the  introduction  of  40  to  100  cc.  of  serum,  a  more  or  less  severe 
asthmatic  attack  with  dyspnea  and  flushing  of  the  face,  followed  by 
cyanosis,  sweating,  cough,  and  general  anxiety,  and  an  urticarial 
eruption.     Methods  have  previously  been  described  by  which  these 
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reactions  can  be  avoided.  According  to  Walker  (31),  however, 
reactions  may  occur,  though  very  rarely,  even  in  patients  who  have 
not  reacted  positively  to  horse  serum  and  who  have  received  a  sub- 
cutaneous desensitizing  dose.  He  has  found  that  these  individuals, 
though  not  sensitive  to  horse  serum  by  the  usual  test,  are  very  sensi- 
tive to  the  proteins  in  horse  hair  and  horse  dandruff.  In  these 
unusual  cases  small  doses  of  horse  serum  produce  no  reaction,  but 
doses  of  over  40  to  50  cc.  of  serum  seem  to  induce  a  true  anaphylactic 
attack.  In  these  cases  the  first  dose  of  serum  usually  produces  com- 
plete desensitization  and,  following  a  second  dose,  even  a  very  large 
one,  no  reaction  of  this  type  occurs.  An  anaphylactic  reaction,  un- 
less extremely  severe,  is  usually  quickly  relieved  by  the  hypodermic 
injection  of  0.6  cc.  of  epinephrin  (1:  1,000)  solution  or  0.5  mg.  of 
atropine  sulfate,  or  both. 

It  is  the  consensus  of  opinion  among  those  who  have  had  large 
experience  in  the  administration  of  serum  that  severe  anaphylactic 
reactions  occur  with  great  rarity,  even  when  precautions  have 
not  been  taken  to  avoid  them.  If  all  the  precautions  we  have  men- 
tioned are  taken,  serious  anaphylactic  shock  will  probably  never 
occur.  The  administration  of  antipneumococcic  serum  should 
never  be  neglected  or  omitted  because  of  the  remote  possibility  of 
the  occurrence  of  these  reactions. 

Thermal  Reaction. — Another  type  of  reaction,  that  which  follows 
the  intravenous  injection  of  various  foreign  proteins,  the  so  called 
thermal  reaction,  appears  usually  from  20  minutes  to  1  hour  after  the 
injection,  and  is  characterized  by  chilly  sensations  or  a  general  shak- 
ing chill,  slight  difficulty  in  breathing,  and  cyanosis.  The  temperature 
rises  rapidly  1-3°F.  and  then  falls,  often  to  normal.  During  this  fall 
there  may  be  profuse  perspiration.  The  patient  usually  rests  quietly 
after  a  reaction  and  the  general  physical  appearance  seems  improved. 
These  reactions  apparently  have  nothing  to  do  with  anaphylaxis  or 
previous  sensitization  and  may  occur  following  the  first  dose  of  serum 
or  following  subsequent  doses.  Frequently  the  temperature  remains 
normal,  but  in  other  cases  after  6  to  24  hours  the  temperature  again 
becomes  elevated.  It  is  this  type  of  reaction  which  sometimes  occurs 
following  the  administration  of  large  doses  of  vaccines,  and  in  such 
cases  has  been  thought  by  some  to  have  therapeutic  value.     We  have 
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never  felt  that  this  reaction  in  itself  is  of  benefit  to  the  patient  and 
believe  that  it  should  be  avoided  if  possible.  In  certain  instances 
administration  of  the  serum  too  rapidly  or  the  administration  of  cold 
serum  may  be  responsible.  Little  treatment  for  this  type  of  reaction 
need  be  given,  reassurance,  the  application  of  heat  to  the  extremities, 
and  warm  drinks  being  sufficient. 

Serum  Disease. — Following  the  administration  of  foreign  serum, 
there  frequently  occurs  a  group  of  symptoms  which  together  are 
called  serum  disease  or  serum  sickness.  The  symptoms  are  fever, 
skin  rashes,  most  frequently  urticaria  or  erythema,  edema  of  the 
skin,  general  glandular  enlargement,  and  pains  in  the  joints,  and  the 
symptoms  may  appear  individually  or  in  combination.  The  typical  or 
most  characteristic  serum  disease  consists  of  all  or  most  of  the  symp- 
toms appearing  together  7  to  14  days  following  the  administra- 
tion of  serum,  the  attack  lasting  a  few  days  to  a  week  or  more.  The 
attacks  may  recur  one  or  more  times  at  intervals  of  a  few  days  to  a 
week  or  even  longer.  Such  a  typical  and  fairly  well  marked  disease 
is  not  the  rule,  however.  In  most  cases  the  course  is  extremely 
irregular.  Certain  of  the  symptoms,  chiefly  the  skin  rashes,  may 
appear  very  early,  within  a  day  or  a  few  days  following  the  administra- 
tion of  serum.  Later  other  symptoms  may  appear,  singly  or  together. 
And  these  symptoms  may  reappear  or  persist  irregularly  for  a  month 
or  more.  Not  all  cases  receiving  serum  show  the  symptoms. 
Mild  symptoms  of  the  disease  appear  in  only  about  half  of  the  treated 
cases,  severe  attacks  only  rarely  or  in  not  more  than  10  per  cent 
of  the  cases.  The  severity  of  the  symptoms  is  not  directly  propor- 
tional to  the  amount  of  serum  received,  though  undoubtedly  the 
severe  cases  are  more  likely  to  occur  in  the  patients  that  have  re- 
ceived large  doses  of  serum. 

The  fever  in  the  mild  cases  may  be  very  slight,  hardly  noticeable. 
In  the  severe  cases  it  may  be  high,  even  reaching,  exceptionally, 
104°  or  105°F.  The  cases  with  fever  may  cause  much  anxiety  to  the 
physician,  since  he  is  frequently  in  doubt  as  to  whether  the  serum 
reaction  is  responsible  for  the  fever  or  whether  the  fever  is  due  to  some 
complication.  During  the  entire  period  of  convalescence  the  phy- 
sician should  always  be  on  his  guard  and,  while  he  should  realize 
that  serum  sickness  may  be  accompanied  by  marked  symptoms  *ud 
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elevation  of  temperature,  he  should  remember  that  it  is  unsafe  to 
ascribe  all  unusual  symptoms  occurring  during  this  period  to  serum 
disease.  When  fever  occurs,  frequent  Roentgenographic  examinations 
should  be  made  to  detect  the  presence  of  delayed  resolution  or  the 
appearance  of  fluid  in  the  chest.  The  occurrence  of  otitis  media 
or  localized  infection  should  be  looked  for  carefully.  If  the  fever  is 
due  to  serum  disease,  the  patient  does  not  usually  appear  very  ill, 
as  would  be  the  case  if  the  fever  were  associated  with  some  focal 
complication  with  pus  formation.  The  pulse  is  relatively  less  rapid, 
sweating  is  uncommon,  and  the  appetite  is  good.  The  leukocyte 
count  often  helps  in  the  differential  diagnosis.  While  the  total  leuko- 
cyte count  may  be  moderately  elevated  in  serum  sickness,  up  to 
15,000  to  20,000,  there  is  usually  an  increase  in  the  relative  number  of 
lymphocytes,  30  to  40  per  cent,  and  frequently  the  number  of  eosino- 
phils is  slightly  increased,  3  to  7  per  cent. 

The  skin  rash  may  consist  of  only  a  few  urticarial  wheals  appearing 
intermittently,  or  it  may  be  widespread  and  consist  of  a  diffuse 
erythema,  even  scarletiniform,  or  it  may  be  more  irregular,  suggest- 
ing measles.  When  the  urticaria  is  extensive,  pruritus  may  be 
very  marked.  This  is  usually  the  most  distressing  symptom.  It 
may  be  relieved  to  some  extent  by  allowing  the  patient  to  have  a 
bottle  of  calamine  lotion  by  the  bedside  which  he  applies  to  the  itch- 
ing areas  as  desired.  Some  such  formula  as  the  following  may  be 
used: 

Carbolic  acid 2  cc. 

Calamine 4  gm. 

Zinc  oxide 8  " 

Glycerol 12  cc. 

Lime-water 16    " 

Water  up  to 120    " 

With  this  lotion  the  patient  can  usually  be  kept  fairly  comfortable 
during  the  day.  At  night  the  use  of  epinephrin  hypodermatically, 
in  doses  of  0.6  to  1  cc,  has  been  found  useful.  Following  the 
injection  the  urticaria  disappears  like  magic  for  a  few  minutes  to 
a  few  hours,  when  it  again  returns.  If  one  uses  epinephrin  at  night, 
the  patient  will  often  fall  asleep  as  soon  as  the  urticaria  disappears 
and  will  sleep  several  hours  before  being  disturbed  by  the  itching. 
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Occasionally  there  may  be  considerable  edema  present  with  the 
skin  rash,  or  it  may  occur  independently.  It  is  most  common  about 
the  face  and  neck  and  it  may  be  so  extensive  as  to  close  the  eyes. 
This  usually  lasts  only  a  few  hours. 

During  the  course  of  serum  sickness  there  usually  occurs  slight 
enlargement  of  the  superficial  lymph  glands.  Sometimes  only  a 
few  of  the  glands  are  enlarged;  at  other  times  the  enlargement  is 
general.  The  spleen  may  also  become  palpable,  though  this  is  not 
the  rule.  Occasionally  the  cervical  glands  beneath  thesternomastoid 
muscle  may  become  so  enlarged  and  tender  as  to  suggest  a  pyogenic 
infection,  but  this  condition  usually  completely  disappears  in  2  or  3 
days. 

There  is  rarely  nausea  or  vomiting.  Very  rarely  acute  abdominal 
pain  may  be  complained  of.  There  is  no  localized  tenderness  or 
rigidity,  however,  and  this  condition  is  usually  transitory. 

During  the  serum  sickness,  as  von  Pirquet  and  Schick  (22)  have 
noted,  a  disturbance  of  kidney  function  may  be  present.  Longcope 
(11)  found  that  about  10  per  cent  of  his  carefully  studied  cases 
showed  albuminuria  and  hyaline  and  granular  casts  in  the  urine. 
There  is  little  change  in  the  coefficient  of  urea  excretion  or  in  the 
phthalein  output.  The  excretion  of  water  and  chlorides  is.  however, 
profoundly  affected,  both  being  rapidly  diminished  with  the  onset  of 
the  sickness.  This  change  in  renal  function  is  transitory  and  the 
return  to  normal  is  usually  rapid. 

Accompanying  the  other  symptoms  there  may  develop  stiffness  in 
the  joints.  The  process  seems  to  be  extra-articular.  There  is  rarely, 
if  ever,  any  fluid  in  the  joints,  nor  is  the  skin  hot  or  reddened.  There 
may  be  a  slight  amount  of  edema  about  the  joints.  All  the  joints 
may  be  attacked  or  only  one  or  two.  A  joint  frequently  affected 
is  the  temporomandibular,  and  this  causes  considerable  annoyance 
to  the  patient.  Usually  the  joint  symptoms  pass  away  in  a  few  days, 
but  may  last  a  week.  The  administration  of  aspirin  or  sodium 
salicylate  and  sodium  bicarbonate  usually  gives  relief  from  the  dis- 
comfort. 0.3  to  0.6  gm.  of  the  salicylate  with  1  gm.  of  sodium  bi- 
carbonate may  be  given  every  4  to  6  hours.  Occasionally  the  patient 
complains  of  a  headache  which  may  persist  for  several  days,  but 
this  is  usually  relieved  by  aspirin. 
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As  previously  stated,  serum  sickness  may  be  very  mild  or  it  may  be 
prolonged  and  troublesome,  and  the  joint  pains  and  urticaria  may 
cause  considerable  distress.  As  far  as  we  know,  however,  it  is  never 
serious,  and  leaves  no  permanent  bad  effects.  Von  Pirquet  and 
Schick,  whose  monograph  contains  the  best  description  of  the  disease, 
report  no  fatal  cases,  and  we  have  never  seen  any  serious  effects, 
even  in  the  worst  cases.  The  fact  that  serum  sickness  may  possibly 
occur  should  never  deter  the  physician  from  giving  serum.  If  life 
can  be  saved,  the  occasional  occurrence  of  troublesome  symptoms  in 
a  few  patients  is  of  little  importance. 

Supplementary  Therapeutic  Measures. 

General  Measures. — In  addition  to  the  specific  therapy  advised  in 
the  treatment  of  Pneumococcus  Type  I  infections,  the  general  hygienic 
and  therapeutic  management  of  the  case  must  not  be  neglected. 
It  is  extremely  important  that  the  patient  should  be  nursed,  rather 
than  nurse  himself,  from  the  onset  of  the  infection.  The  prognosis 
in  individuals  who  have  pursued  an  ambulatory  course  during  the 
first  few  days  of  the  disease  is  distinctly  worse.  If  transfer  to  a 
hospital  is  to  be  made,  the  patient  should  not  be  allowed  to  dress  and 
walk  to  the  ambulance,  no  matter  how  mild  the  infection  may  seem. 
Where  impossible  to  move  in  the  horizontal  position,  the  transfer 
may  be  made  semi-reclining  in  a  chair.  Even  this  exertion  is  often 
exhausting.  The  patient  should  not  be  allowed  to  help  himself 
to  food  or  drink,  or  to  bedpans.  The  strict  enforcement  of  these 
precautions  plays  an  important  part  in  the  patient's  recovery. 

Diet. — The  diet  during  the  acute  course  of  the  disease  is  relatively 
unimportant.  In  general  it  should  be  fluid,  easy  to  swallow  and 
digest.  Purees  and  soft  boiled  eggs,  in  addition  to  liquids,  may  be 
given  if  the  patient  desires  them.  In  some  cases  whisky  in  small 
amounts  may  be  beneficial.  Water,  3,000  cc.  or  more  a  day,  should 
be  conscientiously  given. 

Treatment  for  Abdominal  Distention. — The  routine  use  of  a  daily 
morning  enema  of  soap-suds  aids  in  preventing  this  complication. 
Distention  most  frequently  occurs  in  the  severely  intoxicated  cases. 
It  can  frequently  be  controlled  by  proper  diet,  stupes,  and  medi- 
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cated  enemata.  If  abdominal  distention  occurs,  milk  should  be  tem- 
porarily eliminated  from  the  diet.  Stupes  may  be  conveniently  given 
by  applying  compresses  soaked  in  olive  oil  mixed  with  turpentine, 
1  part  of  turpentine  to  3  parts  of  oil,  and  covering  with  flannels 
wrung  out  in  as  hot  water  as  the  patient  can  tolerate,  the  heat  being 
retained  by  a  thick  pad.  The  hot  flannels  should  be  changed  fre- 
quently for  a  period  of  20  minutes.  A  rectal  tube  may  be  inserted 
to  aid  in  the  passage  of  gas.  This  entire  procedure  is  repeated  at 
20  minute  intervals.  To  be  effective,  the  application  of  stupes 
must  be  continued  for  a  long  period.  Following  their  application, 
medicated  enemata  may  be  used.  A  very  effective  enema  is  one 
composed  of  ox  gall  4  cc,  turpentine  8  cc,  asafetida  12  cc.  This 
combination  is  diluted  in  1  to  2  pints  of  soap-suds  and  is  followed 
in  1  hour  by  a  soap-suds  enema.  Usually  this  is  effective  in  relieving 
the  distention,  at  least  for  a  short  time.  Some  cases  are  temporarily 
benefited  by  the  hypodermic  use  of  pituitrin  in  doses  of  0.5  cc. 

Digitalis. — The  experimental  work  of  Porter  and  his  coworkers 
(23)  tends  to  show  that  the  heart  muscle  is  not  vitally  injured 
in  pneumonia  and  that  respiration  usually  fails  before  the  circulation. 
Cohn  (R17)  has  found  that  the  pneumonic  heart  can  be  influenced 
by  digitalis  in  quite  the  same  way  and  by  approximately  the  same 
dosage  as  the  normal  heart.  Consequently  it  has  been  our  custom  to 
use  some  form  of  digitalis  as  a  routine.  On  account  of  the  convenience 
of  administration  and  its  accurate  standardization,  digipuratum  has 
been  used  at  the  Hospital  of  The  Rockefeller  Institute,  though  any 
standardized  form  of  digitalis  may  be  used  in  corresponding  doses. 
It  is  extremely  important  that  the  use  of  digitalis  should  be  commenced 
early  in  the  disease  in  all  patients,  in  order  that  they  may  be  partly 
digitalized  before  an  immediate  need  arises.  The  intravenous  use  of 
digitalis  or  strophanthin  is  thereby  avoided.  The  intravenous  injec- 
tion of  these  drugs  may  give  rise  to  very  serious  symptoms,  especially 
if  the  patient  has  previously  received  digitalis.  Under  this  con- 
dition these  drugs  should  never  be  injected  into  the  vein.  If  patients 
are  treated  early,  they  are  given  1  gm.  of  digipuratum  at  the  rate  of  0.5 
gm.  a  day  by  mouth.  If  they  are  not  seen  until  late  in  the  disease  and 
appear  quite  ill,  1  gm.  is  given  on  the  first  day.  With  this  dosage  there 
is  usually  evidence  of  the  heart  muscle  being  digitalized  in  about  24 
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hours.  If  the  patient's  condition  does  not  indicate  its  further  use, 
the  drug  is  discontinued.  If,  however,  occasion  arises  for  digitalis 
later  in  the  disease,  it  is  again  given  at  the  rate  of  0.5  gm.  a  day  until 
the  indication  is  satisfied,  but  it  is  not  usually  continued  beyond  2 
gm.  The  beneficial  effects  of  the  use  of  digitalis  are  best  seen  in 
cases  of  collapse,  in  which  the  pulse  rate  often  rises  to  150  to  180. 
This  rise  is  usually  due  to  flutter  or  fibrillation  of  the  auricles.  In 
these  cases  digitalis  acts  by  blocking  the  irregular  and  frequent 
auricular  impulses,  so  that  often  the  ventricular  rate  falls  below  the 
initial  rate  and  the  symptoms  of  collapse  disappear. 

Optochin. — In  1911  Morgenroth  and  Levy  (12)  reported  the  dis- 
covery of  optochin  (ethylhydrocuprein) ,  a  derivative  of  quinine,  which 
was  found  to  have  a  specific  bactericidal  action  on  pneumococci  both 
in  vitro  and  in  vivo.  The  experimental  studies  led  to  great  hopes 
that  this  drug  might  be  found  to  have  specific  curative  effects  in 
patients  suffering  from  pneumonia.  Extensive  studies  have  been 
made  on  the  drug  in  The  Rockefeller  Institute,  both  experimentally 
on  animals  by  Moore  (R43,  R44,  R45)  and  in  the  treatment  of 
patients  by  Moore  and  Chesney  (R12,  R13).  To  our  disappoint- 
ment, however,  in  the  treatment  of  75  cases  we  have  observed  no 
definite  beneficial  effects.  Because  of  this  experience  and  owing  to 
the  danger  of  the  drug  producing  injury  to  the  eyes,  the  routine  use  of 
this  drug  in  the  treatment  of  acute  lobar  pneumonia  cannot  be 
recommended. 

Results  of  Serum  Treatment. 

•We  shall  here  discuss  only  the  effects  of  the  administration  of 
specific  serum  in  the  cases  of  lobar  pneumonia  due  to  infection  with 
Type  I  pneumococcus. 

General  Effects. — We  have  already  discussed  the  so  called  thermal 
reaction  which  may  immediately  follow  the  administration  of  serum. 
The  fall  of  temperature  associated  with  this  reaction  may  be  accom- 
panied by  amelioration  of  symptoms  and  the  whole  picture  may 
present  the  features  of  a  natural  crisis.  This  occurs,  however,  in 
a  small  number  of  patients  only.  In  other  patients,  following  the 
fall  of  temperature  and  the  relief  of  symptoms  which  almost  always 


AVERY,    CHICKERING,    COLE,   AND   DOCHEZ  559 

accompanies  it,  there  may  occur  a  return  of  symptoms  and  rise  of 
temperature,  though,  if  serum  is  again  promptly  administered,  this 
practically  never  reaches  its  previous  height.  In  other  cases  there 
is  little  immediate  effect  of  the  serum  on  the  temperature  or  pulse. 
In  almost  all  cases,  however,  very  soon  after  the  administration  of 
serum  the  patient's  general  condition  improves.  This  is  not  only 
subjective,  but  is  evident  from  the  patient's  better  mental  con- 
dition and  increased  interest  in  his  surroundings.  The  cyanosis 
becomes  less,  and  the  pulse  rate  frequently  falls.  This  phenomenon 
strongly  suggests  that,  in  addition  to  its  other  effects,  antipneumo- 
coccic  serum  has  a  detoxifying  effect.  The  exact  nature  of  this  effect 
however,  can  only  be  surmised.  Beginning  with  this  general  improve- 
ment, unless  the  infection  has  been  overwhelming,  there  occurs  a 
gradual  lowering  of  temperature  and  pulse  rate,  and  amelioration 
of  the  other  symptoms,  the  patient  usually  returning  to  a  normal 
condition  within  a  few  days.  What  almost  certainly  happens  fol- 
lowing the  administration  of  the  serum  is  that  the  progress  of  the 
disease  is  stopped.  How  rapidly  complete  recovery  may  occur  de- 
pends on  numerous  factors.  That  the  progress  of  the  disease  is 
stopped  if  sufficient  serum  is  given  is  made  evident  by  the  following 
facts,  in  addition  to  those  just  mentioned:  First,  in  practically  all 
cases,  following  the  administration  of  the  serum,  there  has  been  no 
extension  of  the  local  lesion.  In  certain  cases  in  which  the  serum  has 
been  administered  early,  sometimes  only  a  very  small  portion  of  a 
lobe  has  become  consolidated.  Second,  invasion  of  the  blood  by 
pneumococci  has  been  prevented  (page  517).  Slight  invasion  of  the 
blood  by  bacteria  probably  always  occurs  at  some  time  during  the 
disease,  at  least  in  all  but  the  very  mild  cases.  In  the  more  severe 
cases  a  true  septicemia  is  usually  present,  and  this  always  occurs 
in  the  cases  ending  fatally.  In  our  opinion  the  fatal  outcome  is 
usually  dependent  upon  this  general  infection.  Now,  in  almost 
every  case  in  which  we  have  administered  serum  and  in  which  the 
blood  culture  was  positive  before  the  administration  of  the  serum, 
one  dose  of  serum,  or  at  the  most  two,  has  resulted  in  the  blood 
becoming  sterile.  This  fact  seems  to  us  of  great  importance  in 
judging  the  efficacy  of  the  serum.  Third,  following  the  administra- 
tion of  the  serum,  there  appear  in  the  patient's  blood  the  immune 
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bodies  which  normally  appear  only  at  or  about  the  time  of  crisis. 
It  is  possible,  of  course,  that  these  immune  bodies  are  only  those 
contained  in  the  serum  administered.  Whether  the  patient  himself 
is  stimulated  or  permitted  to  produce  immune  bodies  more  rapidly 
or  in  greater  numbers  than  would  otherwise  be  the  case  is  not  known. 

We  have  previously  stated  (page  515)  that  the  presence  of  precipita- 
ble  substance  in  the  urine  is  a  bad  prognostic  sign.  In  several  cases 
where  the  reaction  was  positive  at  the  time  the  administration  of 
serum  was  commenced,  following  the  administration  of  serum  the 
reaction  became  negative. 

Effect  on  Resolution  and  the  Development  of  Complications. — The 
administration  of  serum  apparently  causes  no  change  in  the  rate  of 
resolution  of  the  lung  tissue  already  involved.  This  process  is 
apparently  independent  of  immunity  reactions,  and  consolidation 
of  the  lung  may  persist  even  after  the  temperature  is  normal  and  the 
patient  is,  from  a  superficial  examination,  well.  There  is  no  evidence, 
however,  that  the  occurrence  of  resolution  is  delayed  or  interfered 
with  by  the  administration  of  serum.  Complications,  such  as 
empyema,  may  occur  even  after  the  employment  of  serum.  In 
certain  cases  the  complications  have  already  been  present  when 
the  administration  of  serum  has  been  commenced;  in  others  the 
complication  has  undoubtedly  appeared  after  this  time.  From  a 
theoretic  standpoint  and  from  what  we  have  learned  from  animal 
experiments,  we  might  expect  that  the  frequency  of  focal  infections 
would  be  increased  when  serum  treatment  is  employed.  Infections 
in  susceptible  animals  are  most  likely  to  be  focal  when  infection  has 
occurred  after  the  animals  have  been  partially  immunized,  either 
actively  or  passively.  Therefore  if  patients  with  severe  infections 
which  would  otherwise  be  fatal  are  insufficiently  treated  with  serum, 
it  might  be  expected  that,  though  the  general  infection  is  overcome 
and  life  is  saved,  focal  infections  might  occur.  Our  statistics,  how- 
ever, do  not  show  any  increased  frequency  of  complications  among  the 
treated  cases.  The  non-specific  treatment  of  cases  with  complications 
is  exactly  the  same  as  though  no  serum  had  been  given.  Our  empy- 
ema cases  have  all  been  operated  upon  and  all  except  one  have 
recovered. 
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Effect  on  Mortality. — The  final  test  of  the  effectiveness  of  immune 
serum  must  rest  on  the  evidence  concerning  the  saving  of  lives. 
Although  the  number  of  cases  so  far  treated  in  the  Hospital  of  The 
Rockefeller  Institute  is  not  large,  the  results  obtained  have  been  so 
striking  that,  taken  in  connection  with  the  other  evidence  presented, 
and  supported,  as  they  are,  by  the  observations  of  others,  they  indi- 
cate almost  certainly  that  the  serum  as  employed  by  us  has  a  marked 
curative  effect  in  the  treatment  of  pneumonia  of  Type  I.  Up  to  the 
present  time  107  cases  of  lobar  pneumonia  of  this  type  have  been 
treated  with  serum,  and  of  these  but  8  have  died,  7.5  per  cent.  When 
this  is  contrasted  with  the  mortality  of  25  to  30  per  cent,  as  observed 
in  our  cases  before  we  commenced  serum  treatment  and  in  the  cases 
observed  elsewhere,  the  results  obtained  are  definite  and  striking. 
During  the  past  5  years  we  have  treated  with  serum  every  Type  I 
case  coming  under  our  observation  unless  the  case  has  been  very  mild 
or  unless  the  patient  was  admitted  at  a  time  when  recovery  had 
obviously  commenced.  That  the  more  severe  cases  were  treated 
with  serum  is  shown  by  the  fact  that  among  105  treated  cases,  the 
blood  cultures  were  positive  before  treatment  was  commenced  in  40, 
or  38  per  cent,  while  of  34  cases  admitted  during  the  same  period  and 
in  which  no  serum  treatment  was  given,  only  2  showed  positive 
blood  cultures,  or  less  than  6  per  cent. 

In  the  fatal  cases  we  have  included  every  patient  that  received 
serum,  even  a  single  dose.  A  brief  statement  as  to  these  fatal  cases 
may  be  of  interest.  Three  of  the  cases  were  treated  only  a  few  hours 
before  death,  when  they  were  desperately  ill.  One  of  the  patients 
recovered  from  the  pneumonia,  but  died  on  the  16th  day  following  a 
pulmonary  embolism.  One  patient  was  treated  late  in  the  disease 
and  later  suffered  from  numerous  complications,  empyema,  abscesses, 
etc.,  and  finally  died  on  the  54th  day  from  a  general  streptococcus 
infection.  One  patient  had  an  extensive  tuberculous  involvement  of 
both  lungs,  with  a  very  small  area  of  fibrinous  pneumonia  in  a  part 
of  one  lobe.  The  blood  culture  became  negative  and  he  apparently 
recovered  from  the  pneumococcus  infection,  and  death  was  probably 
due  to  the  tuberculous  disease.  This  leaves  but  two  cases  in  which 
the  serum  could  possibly  have  been  of  use  or  in  which  any  form  <>i 
specific  treatment   could  probably   have  saved   the   lives.     One  of 
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these  cases  was  among  the  first  ones  treated  by  us  and  from  our 
present  knowledge  was  probably  treated  insufficiently.  He  was 
treated  on  the  5th  and  6th  days,  dying  on  the  latter  day.  The  other 
case  was  one  showing  an  extremely  high  grade  of  blood  infection, 
300  colonies  per  cc,  when  he  was  admitted  on  the  6th  day.  In  spite 
of  this,  with  very  vigorous  serum  treatment,  he  lived  until  the  12th 
day,  but  finally  succumbed. 

The  results  obtained  by  others  in  small  series  of  cases  in  hospitals 
in  New  York,  Boston,  and  Pittsburgh,  where  the  treatment  could 
be  carried  out  with  proper  attention  to  details,  have  also  been  defi- 
nite and  satisfactory.  Last  fall  on  the  Mexican  Border  Major 
Nichols  (18)  treated  63  cases  occurring  among  the  soldiers.  Of  these 
63  cases,  5  died,  a  mortality  of  8  per  cent.  Among  18  cases  with 
Type  I  infection  not  treated  with  serum,  7  died,  a  mortality  of  39 
per  cent.  From  his  experience  Major  Nichols  concluded  that  "no 
patient  with  Type  I  infection  who  dies  without  the  early  intravenous 
administration  of  large  doses  of  Type  I  serum  can  be  said  to  have 
received  the  best  treatment." 

Cases  Illustrating  the  Method  of  Treatment  with  Immune  Serum. 

The  following  abstracts  of  cases  and  temperature  reactions  illus- 
trate some  of  the  statements  that  have  been  made  regarding  treat- 
ment and  serum  reactions. 

Case  1. — R.  R.,  age  22  years,  student  (Text-fig.  3).  This  patient  was  admitted 
January  8  at  7  p.m.,  suffering  from  pneumonia  involving  the  left  lower  lobe. 
The  onset  had  been  quite  typical,  with  chill  48  hours  before  admission.  He  was 
moderately  sick,  temperature  102. 5°F.,  pulse  115,  respirations  30,  leukocytes  31, 000. 
Shortly  after  admission  0.5  cc.  of  horse  serum  was  injected  subcutaneously,  but 
no  previous  intradermal  test  for  serum  sensitiveness  had  been  made.  The  sputum 
was  bloody;  a  small  amount  was  at  once  injected  into  a  mouse.  The  following 
morning  tests  made  of  the  growth  in  the  peritoneal  cavity  of  the  mouse  showed 
that  the  patient  was  suffering  from  an  infection  with  Type  I  pneumococcus.  The 
blood  culture  taken  on  admission  was  positive,  the  plate  showing  1  colony  per 
cc.  At  12.17  the  intravenous  injection  of  antipneumococcic  serum  was  com- 
menced. Although  the  serum  was  given  slowly,  after  he  had  received  about 
35  cc.  of  serum  he  had  some  signs  of  serum  intoxication,  suffusion  of  face,  some 
respiratory  difficulty,  and  he  vomited  several  times.  The  administration  of 
serum  was  therefore  discontinued.     He   complained   of   tightness  in  the  chest 
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and  a  feeling  of  general  weakness.  1  cc.  of  a  1 :  1,000  solution  of  epinephrin  was 
injected  intravenously  and  the  patient's  condition  soon  returned  to  normal, 
except  that  he  sweated  profusely.  He  was  somewhat  alarmed  at  what  had 
taken  place.  His  condition  did  not  materially  change  during  the  afternoon,  and 
at  5  p.m.  serum  was  again  administered,  this  time  80  cc,  without  any  untoward 
symptoms.  During  the  evening  no  definite  change  occurred  in  his  condition. 
His  temperature,  however,  had  risen  to  105. 2°F.  at  8  p.m.,  pulse  140,  respirations 
40.  Therefore  at  12  midnight  another  injection  of  90  cc.  of  serum  was  made. 
Following  this  injection  the  temperature  rose  to  106.2°,  pulse  150,  respirations 
40.  He  had  a  shaking  chill  during  which  he  became  cyanosed.  The  tempera- 
ture fell  rapidly  during  the  night  and  at  8  a.m.  it  was  only  98.2°,  pulse  108, 
respirations  26.  His  color  was  good  but  he  seemed  rather  weak  and  exhausted. 
.During  the  day  his  condition  was  excellent,  but  the  temperature  gradually  rose, 
reaching  101.8°  at  8  p.m.  He  was  then  given  another  dose  of  serum,  100  cc. 
There  was  no  reaction  of  any  kind  following  this  injection.  The  temperature  the 
following  morning  was  99.4°  and  he  felt  quite  well.  There  was  no  extension  of 
the  process  in  the  lungs  and  following  this  the  patient  made  a  good  recovery. 
During  convalescence,  however,  he  had  quite  severe  serum  sickness,  the  symptoms 
beginning  6  days  following  the  last  injection  and  some  persisting  for  2  weeks. 
There  occurred  persistent  urticaria,  stiffness  and  pain  in  the  joints,  edema  of  the 
face,  and  albumin  and  casts  in  the  urine.  He  had  some  fever  from  January  20 
to  January  30,  the  temperature  reaching  103°  on  January  23.  However,  he  made 
a  good  recovery  and  was  discharged  on  February  7  perfectly  well,  without  a 
trace  of  albumin  in  the  urine. 

This  patient  illustrates  well  certain  of  the  untoward  effects  of  the 
administration  of  serum.  It  is  probable  that  if  an  intradermal  skin 
test  had  been  made  on  admission,  the  presence  of  sensitiveness  to 
serum  would  have  been  detected.  As  it  was,  he  was  incompletely 
desensitized,  and  he  had  a  mild  anaphylactic  reaction.  This,  how- 
ever, was  not  serious,  and  that  he  was  completely  desensitized 
following  it  is  shown  by  the  absence  of  reaction  after  the  subsequent 
dose.  Following  the  second  large  dose  of  serum  there  occurred  what 
we  have  termed  a  thermal  reaction.  This  was  unusually  severe,  but 
very  characteristic.  It  is  possible  that  the  following  dose  of  serum 
might  have  been  omitted  or  at  least  somewhat  delayed,  but  it  is 
better  to  have  erred  by  giving  it  too  soon  than  by  delaying  too  long. 
The  serum  sickness  was  severe,  one  of  the  most  severe  cases  we  have 
seen.  Repeated  and  frequent  tests  of  the  agglutinating  power  of 
the  patient's  serum  were  made  in  this  "case  and,  following  the  first 
dose  of  the  horse  serum,  the  patient's  serum  acquired  agglutinating 
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power  which  increased  following  the  second  dose,  and  this  increase 
persisted.  If  we  had  observed  only  this  case,  conclusions  as  to  the 
benefit  of  the  serum  would  be  difficult.  Judging  from  the  fact  that 
the  blood  culture  was  positive  before  the  serum  was  given  and  that 
the  patient  was  well,  as  far  as  the  pneumonia  was  concerned,  on  the 
6th  day,  it  seems  probable  that  the  disease  was  shortened.  In  any 
case  he  recovered,  and  while  the  symptoms  due  to  the  serum  were 
somewhat  distressing,  they  were  justified,  when  the  results  in  the 
whole  series  of  cases  are  considered. 

Case  2.% — I.  S.,  age  32  years  (Text-fig.  4).  This  patient  was  admitted  about 
8  hours  following  the  initial  chill.  There  were  definite  signs  of  involvement  of 
both  lower  lobes  and  he  presented  all  the  characteristic  features  of  acute  lobar 
pneumonia.  His  temperature  on  admission  was  103. 6°F.,  pulse  120,  respirations 
48,  leukocytes  35,000.  He  appeared  seriously  sick;  the  blood  culture  taken  on 
admission  was  positive.  Immediately  after  admission  a  specimen  of  sputum  was 
injected  into  a  mouse,  and  the  diagnosis  of  the  type  of  infecting  organism,  Type 
I,  was  determined  within  12  hours.  He  was  then  given  his  first  treatment. 
The  temperature  at  this  time  was  105.2°,  pulse  128,  respirations  44.  There  was 
no  immediate  reaction  following  this  treatment,  but  the  next  morning  the 
temperature  was  lower,  103.2°,  and  his  general  condition  was  improved.  Owing 
to  the  obviously  serious  nature  of  the  infection,  the  treatment  was  continued  very 
actively,  100  cc.  being  given  at  9  a.m.  and  100  cc.  at  4.30  p.m.  No  marked 
reaction  followed  either  of  these  injections,  though  after  the  injection  in  the 
evening  the  temperature  rose  slightly,  but  fell  during  the  night  and  was  101°F.  at 
8  a.m.  At  this  time  he  was  very  bright;  the  signs  of  intoxication  had  all  dis- 
appeared. No  increase  of  lung  involvement  had  occurred.  In  spite  of  this  he 
was  watched  carefully  during  the  day  and,  as  his  temperature  was  rising,  he 
was  given  another  dose  of  serum.  Following  this  his  temperature  fell.  His 
blood  was  tested  frequently  for  agglutinating  power.  This,  which  was  negative 
before  the  first  dose  of  serum,  reached  a  high  level  immediately  following,  and 
this  level  increased  with  subsequent  doses.  He  also  had  severe  serum  sick- 
ness, beginning  very  early,  3  days  following  the  last  dose  of  serum,  and  last- 
ing for  a  week,  with  all  the  symptoms,  including  joint  pains.  On  the  4th 
day  of  the  serum  sickness  the  temperature  reached  103.8°.  He  made  a  good 
recovery  and  was  discharged  on  the  24th  day  of  the  disease. 

This  case  well  illustrates  the  importance  of  early  diagnosis  and 
treatment.  In  this  case  we  feel  that  the  treatment  was  carried  out 
in  a  perfectly  satisfactory  manner  and,  except  for  the  serum  sickness, 
the  results  were  all  that  could  be  hoped  for.  The  administration  of  the 
fourth  dose  on  the  3rd  day,  we  think,  was  of  great  importance  in 
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preventing  any  possible  recurrence  of  the  infection  and  spread  of  the 
lesion. 

The  above  cases,  while  favorable  ones,  illustrate  the  method  of 
treatment  and  the  results  in  a  large  proportion  of  the  cases.  In  cer- 
tain cases  one  or  two  doses  of  serum  have  sufficed;  in  others  more 
have  been  necessary.  In  a  number  of  cases  no  effect  on  the  tem- 
perature curve  followed  the  first  few  doses.  It  is  therefore  impor- 
tant that,  having  once  commenced  the  serum,  its  administration 
should  be  actively  pushed  until  favorable  results  are  obtained.  It  is 
now  evident  that  no  harm  can  result  from  this  procedure  and, 
judging  from  our  experience,  much  good. 


PREVENTION  OF  PNEUMONIA. 
Epidemiology. 

Lobar  pneumonia  is  generally  considered  to  be  an  endemic  and 
sporadic  disease.  It  is  habitually  present  among  the  population  of 
certain  parts  of  the  world,  showing,  however,  certain  seasonal  varia- 
tions in  morbidity.  In  spite  of  the  fact  that  its  incidence  may  reach 
at  times  a  very  high  rate,  the  relation,  in  origin,  of  one  case  to 
another  has  never  been  very  apparent.  Diseases  of  typical  epidemic 
character,  on  the  other  hand,  usually  spring  from  a  limited  source, 
attain  widespread  proportions  often  through  traceable  channels, 
and,  then,  after  a  limited  time,  subside,  perhaps  not  to  recur  again 
for  a  period  of  years.  Such  differences  between  endemic  and  epidemic 
diseases,  however,  probably  depend  more  upon  the  facility  of  infec- 
tion and  the  susceptibility  of  the  soil  on  which  the  disease  is  implanted 
than  upon  any  essential  difference  in  the  mechanism  of  communi- 
cation. From  a  public  health  standpoint,  therefore,  it  is  just  as 
important  to  attempt  to  understand  and  control  the  channels  of 
communication  of  an  endemic  as  of  an  epidemic  disease. 

Lobar  pneumonia  was  recognized  as  a  distinct  clinical  entity  in  the 
time  of  Hippocrates.  In  the  16th  and  17th  centuries  widespread  epi- 
demics are  reported  to  have  occurred,  in  which  the  character  of  the 
disease  seems  to  have  been  somewhat  different  from  that  observed 
in  modern  times.  In  the  19th  century  pneumonia  assumed  a  defi- 
nitely endemic  character.  At  present  it  is  a  common  infection 
throughout  the  United  States  and  Canada.  It  is  frequent  all  over 
temperate  Europe,  and  in  the  inhabited  portions  of  the  south  temper- 
ate zone  such  as  Australia,  parts  of  South  America,  and  South  Africa. 
Although  it  is  much  less  frequent  in  the  tropics,  it  is  often  seen  there 
among  the  inhabitants  of  the  plateau  regions.  Small  epidemics  in 
limited  communities  such  as  military  camps,  schools,  prisons,  and  on 
shipboard  are  not  of  infrequent  occurrence,  probably  due  to  the  inti- 
mate contact  among  individuals  which  such  a  life  entails.     In  recent 
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years  two  epidemics  of  more  widespread  proportions  have  developed. 
One  occurred  during  the  course  of  construction  of  the  Panama  Canal, 
in  which  the  disease  affected  principally  the  colored  laborers  brought 
to  the  Isthmus  from  the  West  Indies.  The  other  took  place  in  the 
Rand  Mining  District  in  South  Africa.  Here,  as  in  Panama,  the  in- 
cidence of  the  disease  was  by  far  the  greatest  among  the  black  boys 
who  were  imported  from  Central  Africa  to  labor  in  the  mines. 
These  two  epidemics  were  probably  dependent  upon  the  same  fac- 
tors, the  great  susceptibility  to  pneumonia  of  individuals  coming 
from  regions  where  acute  respiratory  infections  were  uncommon  and 
the  intimate  contact  dependent  upon  living  in  common  quarters  such 
as  barracks  and  compounds. 

The  census  of  1900  showed  that  in  the  United  States  somewhat  over 
10  per  cent  of  all  deaths  were  due  to  some  variety  of  pneumonia;  this, 
of  course,  includes  both  bronchial  and  lobar  pneumonia,  the  latter 
being  responsible  for  by  far  the  greater  number.  Some  statistics 
seem  to  indicate  that  the  incidence  of  pneumonia  is  increasing.  It 
is  probable  that  this  apparent  increase  may  be  due  to  better 
methods  of  diagnosis  and  recording.  One  may  safely  say,  however, 
that  the  incidence  of  pneumonia  has  shown  no  tendency  to  diminish. 
This  may  be  due  in  part  to  the  general  acceptance  of  the  non-con- 
tagious character  of  lobar  pneumonia  and  the  consequent  lack  of  ade- 
quate measures  of  prevention.  During  the  same  period  of  time 
such  diseases  as  diphtheria  and  tuberculosis  have  shown  a  definite 
decrease  in  morbidity,  and  one  feels  inclined  to  ascribe  this  shrink- 
age to  the  widespread  activity  directed  toward  the  limitation  of  these 
diseases.  It  is  certain  that  until  the  causative  factors  that  operate 
in  the  continued  widespread  incidence  of  lobar  pneumonia  have  been 
brought  to  light,  and  until  such  facts  as  have  been  discovered  receive 
practical  application  by  Boards  of  Health,  the  continued  yearly  fre- 
quency and  high  mortality  of  lobar  pneumonia  will  not  be  checked. 

Pasteur  once  said  that  it  is  possible  to  eradicate  all  diseases  of  bac- 
terial origin,  but  that  first  one  must  know  the  bacterial  agent  and 
record  the  means  by  which  it  establishes  itself  in  the  human  body. 
In  the  case  of  pneumonia,  the  greatest  difficulty  that  stands  in  the 
way  of  obtaining  this  knowledge  is  the  paradoxical  fact  that  a  large 
proportion  of  normal   individuals  may   constantly  harbor  in   their 
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mouth  secretions  organisms  which  are  apparently  identical  with  those 
causing  the  disease.  This  situation,  however,  is  not  characteristic 
of  pneumonia  alone,  for  somewhat  similar  conditions  are  found  in 
other  diseases.  For  instance,  the  colon  bacillus,  an  organism  not 
far  removed  from  the  typhoid  bacillus,  normally  inhabits  the  intes- 
tines of  all  healthy  human  beings,  and  certain  cocci  resembling  the 
meningococcus,  the  cause  of  cerebrospinal  meningitis,  are  found  in  the 
mouth  secretions  of  healthy  individuals.  In  these  instances  it  has 
been  an  easy  matter  to  separate  the  disease-producing  bacteria  from 
the  more  or  less  harmless  saprophytes  of  normal  mucous  membranes 
by  simple  bacteriological  methods  such  as  cultural  and  fermentative 
reactions.  The  problem  in  pneumonia,  however,  has  been  a  much 
more  difficult  one,  since  by  cultural  methods  it  is  impossible  to  dif- 
ferentiate between  the  more  harmless  pneumococci  and  the  definitely 
pathogenic  ones.  However,  by  the  employment  of  the  more  specific 
immunity  reactions,  indications  of  differences  between  these  two 
general  groups  of  pneumococci  have  been  obtained. 

In  view  of  the  fact  that  a  majority  of  healthy  individuals  harbor  in 
the  mouth  an  organism  which  has  been,  until  the  present  time,  indis- 
tinguishable from  the  pneumococcus  causing  pneumonia,  the  pre- 
sumption has  been  fairly  general  that  most  pneumonic  infections  are 
to  be  considered  autoinfections  and  that  the  important  factor  in  de- 
termining the  incidence  of  the  disease  is  variation  in  susceptibility 
brought  about  by  exposure  or  other  accidental  occurrences.  If  this 
assumption  is  true,  no  useful  results  can  be  hoped  for  from  the 
usual  preventive  measures  employed  in  other  diseases  which  are 
designed  to  limit  the  spread  of  the  infectious  agent.  At  the  Hos- 
pital of  The  Rockefeller  Institute  (R3,  R51,  R52)  during  the  past 
few  years  an  attempt  has  been  made  to  find  out  whether  in  reality 
the  development  of  the  majority  of  cases  of  lobar  pneumonia  depends 
upon  infection  with  the  pneumococcus  which  the  individual  habitually 
carries  in  his  mouth  secretions,  the  immediate  onset  being  caused  by 
some  factor  which  temporarily  lowers  resistance,  or  whether  contact 
infection,  either  direct  or  indirect,  plays  a  part  of  some  importance. 
In  order  to  throw  light  upon  this  question,  the  problem  has  been 
approached  from  several  different  points  of  attack.  In  view  of  our 
ability  to  recognize,  by  means  of  specific  reactions,  definite  types  of 
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disease-producing  pneumococci,  it  has  been  deemed  important,  in 
addition  to  confirming  the  constancy  of  these  types,  to  study  also 
the  character  of  the  pneumococci  present  in  the  normal  human 
mouth.  In  addition  to  the  study  of  the  differences  between  the 
pneumococci  occurring  during  disease  and  those  in  the  normal  mouth, 
the  character  of  the  pathogenic  types  has  been  followed  during  the 
disease  and  convalescence,  the  time  of  disappearance  from  the  mouth 
secretions  of  the  pneumococci  causing  the  disease  noted,  and 
the  type  of  pneumococcus  by  which  they  were  supplanted  studied. 
The  mouth  secretions  of  a  large  number  of  healthy  individuals  in 
contact  with  cases  of  lobar  pneumonia  of  known  type  have  also  been 
studied,  in  order  to  determine  whether  in  the  mouths  of  such  indi- 
viduals the  disease-producing  types  of  pneumococcus  occur  with 
greater  frequency  than  in  normal  mouths  and,  if  so,  whether  this 
may  be  attributed  to  the  intimate  association,  the  purpose  being  to 
detect  the  existence  of  actual  healthy  carriers  of  pathogenic  types 
of  pneumococcus.  The  type  of  pneumococcus  present  in  the  mouth 
secretions  of  a  large  number  of  healthy  individuals  in  whom  no  his- 
tory of  contact  with  lobar  pneumonia  could  be  obtained,  has  also 
been  carefully  studied.  The  pneumococcus  of  the  mouth  has  been 
isolated  by  injecting  a  white  mouse  intraperitoneal^  with  about  0.5 
cc.  of  saliva,  which  is  a  sufficient  quantity  to  kill  the  animal  if  pneumo- 
coccus is  present.  The  organism  has  subsequently  been  isolated  in 
pure  culture  from  the  heart's  blood  of  the  mouse  and  the  type  deter- 
mined by  means  of  the  agglutination  test. 

Types  of  Pneumococcus  in  the  Mouths  of  Normal  Persons. — In  Table 
IX  the  results  of  a  study  of  297  normal  individuals  are  given,  showing 
the  percentage  of  healthy  people  who  habitually  carry  pneumococcus 
in  their  mouths,  and  also  a  classification  of  the  type  of  pneumococcus 
found.  For  purposes  of  comparison  the  percentage  incidence  of  the 
different  types  of  pneumococcus  in  454  cases  of  lobar  pneumonia  is 
also  given  (Table  X). 

In  Table  IX  is  presented  the  study  of  the  mouth  secretions  of  297  individuals 
in  whom  no  history  of  contact  with  an  acute  or  recent  case  of  lobar  pneumonia 
could  be  obtained.  From  the  mouth  secretions  of  116  of  these  individuals  pneu- 
mococci were  isolated,  whereas  from  the  mouth  secretions  of  181  no  pneumococcus 
was  obtained.    Of  the  116  individuals  carrying  pneumococcus  in  the  mouth  at 
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TABLE  IX. 

Distribution  of  Different  Types  of  Pneumococcus  in  the  Mouths  of  Normal  Persons. 


Type  of  pneumococcus. 

Incidence. 

I 

1 

0 

1 

7 
14 
34 
64 

116 
181 

297 

per  cent 
0.8 

II      

0.0 

Ha 

0.8 

lib 

5.8 

IIx 

11.6 

Ill 

28.1 

IV 

52.9 

Pneumococcus  present 

TABLE   X. 
Incidence  of  Types  of  Pneumococcus  in  Lobar  Pneumonia. 


Type  of  pneumococcus. 

Incidence. 

per  cent 

I 

151 

33.3 

II 

133 

29.3 

Ha 

6 

1.3 

lib 

4 

0.9 

IIx 

9 

2.0 

III 

59 

13.0 

IV 

92 

20.3 

the  time  of  observation,  the  different  biologic  types  of  pneumococcus  were  found 
in  the  following  percentage  of  instances:  Type  I  was  found  once,  an  incidence 
of  0.8  per  cent;  Type  II  was  found  not  at  all;  the  Subtypes  Ha,  lib,  and  IIx 
were  found  22  times,  a  percentage  incidence  of  18.2.  Of  these  Subtype  II  organ- 
isms, Type  Ila  is  the  least  common  and  Type  IIx  the  most  frequent.  This 
distribution  of  the  variants  of  Type  II  parallels  the  distribution  of  the  larger, 
more  inclusive  pneumococcus  types  in  the  normal  mouth.  Type  III,  or  Pneu- 
mococcus mucosus,  was  found  34  times,  a  percentage  incidence  of  28.1.  The 
immunologic  studies  of  Type  III  have  shown  that  this  organism  is  one  that  shows 
little  or  no  variation  in  specificity  and  in  this  it  corresponds  to  the  typical 
pneumococci  of  Type  I  and  Type  II.     On  the  other  hand,  it  presents  a  paradox 
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in  that  it  is  frequently  found  over  long  periods  of  time  in  the  mouths  of  healthy 
individuals  and,  in  spite  of  this  frequency,  it  is  the  cause  of  the  smallest  number  of 
acute  cases  of  lobar  pneumonia  of  the  four  major  types  of  pneumococci.  Type  IV 
was  encountered  in  normal  saliva  64  times,  a  percentage  incidence  of  52.9. 
This  type  of  pneumococcus  is  therefore  the  dominant  type  in  the  mouth  secretions 
of  normal  individuals. 

Consideration  of  Table  X  shows  that  in  a  series  of  454  cases  of  lobar  pneu- 
monia, Pneumococcus  Types  I  and  II  was  present  in  284  instances,  a  percentage 
incidence  of  62.6.  The  dominance  of  these  two  types  of  organisms  in  disease 
shows  a  striking  contrast  to  their  almost  complete  absence  in  the  mouth  secretions 
of  normal  individuals.  The  Subtypes  Lla,  lib,  and  IIx  were  responsible  for 
19  instances  of  disease,  4.2  per  cent.  Type  III  pneumococcus,  despite  its 
frequent  occurrence  in  the  normal  mouth,  was  responsible  for  but  59  instances  of 
disease,  13.0  per  cent.  Type  IV  pneumococcus,  the  commonest  pneumococcus 
present  in  the  bacterial  flora  of  the  normal  mouth,  was  responsible  for  92  of  the 
cases  of  lobar  pneumonia  studied,  or  20.3  per  cent. 

Comparison  of  these  two  tables  shows  that  the  pneumococci 
most  commonly  found  in  the  mouth  secretions  of  normal  individuals 
give  rise  to  a  minority  of  the  cases  of  lobar  pneumonia.  The  dis- 
ease produced  by  these  organisms,  with  the  exception  of  Type  III. 
is  less  severe  in  character,  indicating  a  lower  grade  of  pathogenicity 
of  these  types  for  man.  On  the  other  hand,  Types  I  and  II  cause  a 
majority  of  cases  of  lobar  pneumonia,  are  of  high  virulence  for  human 
beings,  and  are  seldom  or  never  found  in  the  mouth  secretions  of  nor- 
mal individuals  who  have  not  been  in  intimate  association  with  cases 
of  lobar  pneumonia.  This  seems  to  indicate  that  lobar  pneumonia 
due  to  Types  I  and  II  does  not  arise  from  infection  with  a  pneumo- 
coccus which  is  habitually  carried  in  the  mouth,  but  that  infection 
with  these  organisms  occurs  from  without. 

Types  of  Pneumococcus  in  Sputum  of  Pneumonia  Patients. — If  all 
cases  of  lobar  pneumonia  were  due  to  infection  of  the  individual 
with  a  type  of  pneumococcus  which  was  more  or  less  constantly 
present  in  his  mouth  secretions,  one  would  expect  this  organism  to 
persist  or  at  least  reappear  in  the  sputum  after  recovery  from  the  dis- 
ease had  occurred.  Therefore,  a  study  has  been  made  of  types  of 
pneumococcus  present  in  the  mouth  during  the  disease,  as  well  as  those 
present  during  convalescence.  After  the  type  of  organism  respon- 
sible for  the  disease  has  disappeared,  the  type  of  pneumococcus  present 
later  has  been  determined. 
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In  Table  XI  are  presented  the  results  of  a  study  in  15  cases. 
These  15  cases  are  representative  and  form  but  a  small  part  of  the 
total  number  of  cases  studied. 


TABLE   XI. 
Persistence  during  Convalescence  of  the  Type  of  Pneumococcus  Causing~the  Disease. 


Case  No. 

Type  of  pneumococcus 
during  height  of  disease. 

Day  of  disease  on  which 

observation  was  made, 

reckoned  from 

day  of  initial  chill. 

Type  of  pneumococcus  during 
convalescence. 

2,456 

I 

14 
27 

No  pneumococcus. 
«            it 

2,467 
2,527 

2,550 

I 
I 

I 

31 
10 
24 
25 
32 

it            it 

I 

No  pneumococcus. 

Ila 

Ila 

2,571 

I 

9 
16 

No  pneumococcus. 
IV 

23 

IV 

2,477 

II 

6 
13 

II 
lib 

21 
29 

lib 

lib  and  IV 

2,536 

II 

10 
17 
25 

II 

No  pneumococcus. 
it            tt 

2,543 

II 

11 
18 
31 

tt            tt 
tt            tt 

IV 

2,586 

II 

8 
22 

No  pneumococcus. 
tt            tt 

2,611 

II 

2 
9 

II 
IV 

16 

IV 

23 

IV 

30 

37 

No  pneumococcus. 
IV 

2,465 

III 

11 
13 
20 

27 
34 

III 

in 

IIx 

IV 
IIx  and  IV 

40 

IIx    "    IV 
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TABLE  XI — Concluded. 


Case  No. 

Type  of  pneumococcus 
during  height  of  disease 

Day  of  disease  on  which 

observation  was  made, 

reckoned  from 

day  of  initial  chill. 

Type  of  pneumococcus  during 
convalescence- 

2,488 

III 

4 

III 

14 

IV 

21 

IV 

28 

IV 

2,550 

III 

14 

III 

21 

IV 

2,689 

III 

7 

III 

14 

III 

21 

III 

28 

in 

35 

in 

2,640 

III 

7 
14 

No  pneumococcus. 
<«            « 

21 

«            <« 

28 

M                       « 

A  study  of  Table  XI  reveals  the  fact  that  only  in  exceptional  instances 
does  one  find  in  the  sputum  for  a  considerable  length  of  time  after 
recovery  the  same  type  of  pneumococcus  with  which  the  individual 
was  infected  during  the  disease.  The  exact  time  at  which  the  dis- 
ease organisms  disappear  varies.  They  have  disappeared  as  early 
as  7  days  from  the  date  of  onset  of  the  disease,  but  have  been  present 
as  late  as  90  days  after  recovery.  Usually  they  have  disappeared  in 
3  to  4  weeks.  In  a  number  of  instances  in  which  the  disease  organ- 
ism has  persisted  for  an  unduly  long  period  of  time,  delayed  resolu- 
tion or  some  chronic  respiratory  condition  has  been  present.  After 
the  disease  organism  disappears,  either  no  pneumococcus  is  present 
or  the  disease  type  has  been  supplanted  by  one  of  the  types  which 
are  usually  found  in  the  saliva  of  normal  individuals.  These  ob- 
servations indicate  that  the  type  of  pneumococcus  responsible  for 
lobar  pneumonia  in  any  individual  is  but  a  temporary  and  accidental 
inhabitant  of  his  respiratory  passages,  and,  therefore,  give  addi- 
tional evidence  that  infection  occurs  from  without.  They  also  indi- 
cate the  length  of  time  that  convalescents  may  be  a  source  of  infec- 
tion to  others  in  case  the  mode  of  infection  is  by  contact. 
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It  is  seen  from  Table  XI  that  Type  III  pneumococcus,  which  is 
known  to  occur  frequently  in  the  normal  mouth,  disappears  in  the 
majority  of  instances  from  the  mouth  flora  of  cases  of  pneumonia  as 
rapidly  as  do  pneumococci  of  Types  I  and  II,  which  induce  disease 
more  frequently.  This  suggests  that  Type  III  pneumonia  may  also 
be  communicable  but  that,  owing  to  the  frequent  occurrence  of  this 
organism  in  the  normal  mouth,  the  lines  of  communication  may  be 
impossible  to  trace. 

Pneumococcus  Carriers. — Infectious  diseases,  aside  from  those 
spread  by  insects,  usually  spread  by  immediate  contact,  either  with  a 
person  suffering  from  the  disease,  or  with  a  convalescent,  or  with  a 
healthy  carrier.  The  importance  of  these  modes  of  transmission 
varies  with  the  different  diseases  and  in  many  instances  more  than 
one  of  these  mechanisms  may  be  involved.  Infection  in  lobar  pneu- 
monia by  immediate  contact  with  a  person  ill  of  the  disease  undoubt- 
edly occurs,  and  we  have  seen  a  number  of  instances  in  which  this 
mode  of  infection  was  apparently  responsible.  With  most  diseases, 
however,  the  healthy  carrier  may  be  a  greater  menace  to  the  com- 
munity than  the  infected  individual,  largely  because  of  failure  to 
recognize  the  carrier  condition.  In  the  epidemiology  of  certain  dis- 
eases, notably  typhoid  and  epidemic  cerebrospinal  meningitis,  the 
importance  of  the  carrier  state  is  well  recognized.  In  Table  XII 
evidence  is  presented  to  show  that  a  considerable  percentage  of  per- 
sons intimately  associated  with  patients  suffering  from  lobar  pneu- 
monia harbor  in  their  mouths  pneumococci  of  the  same  type  as  those 
causing  the  disease.  The  persons  who  have  been  studied  have  been 
relatives  or  friends,  especially  those  who  have  taken  care  of  the 
patients.     We  have  already  shown  that  pneumococci  of  Types  I  and 


TABLE   XII. 

Incidence  of  Carrier  Condition  in  Healthy  Individuals  in  Contact  with  Cases  of 

Lobar  Pneumonia. 


Type  of  pneumococcus 
in  patient. 

Total  no.  of  contacts 
examined. 

No.  of  positive  contacts. 

I 
II 

160 
149 

21 
18 

tier  cent 
13.1 
12.1 

AVERY,  CHICKERING,  COLE,  AND  DOCHEZ  577 

II  are  not  found  in  the  mouths  of  normal  individuals  not  associated 
with  cases  of  pneumonia. 

For  purposes  of  comparison  with  Table  XII,  the  incidence  of 
Types  I  and  II  in  the  mouth  flora  of  normal  individuals  unassociated 
with  cases  of  lobar  pneumonia  is  given  (Table  XIII). 

TABLE    XIII. 


Incidence  of  Pneumococcus  Types  I  and  II  in  Saliva  of  297  Healthy  Individuals 
Not  in  Contact  with  Cases  of  Lobar  Pneumonia. 

Type  of  pneumococcus. 

Incidence. 

I 

II 

1 

0 

per  cent 

0.33 
0.00 

A  study  of  Table  XII  shows  that  of  160  healthy  individuals  in 
contact  with  cases  of  lobar  pneumonia  of  Type  I,  21,  or  13  per 
cent,  carried  in  their  mouth  secretions  at  the  time  of  examination  a 
pneumococcus  of  the  same  type.  Of  149  individuals  in  contact  with 
cases  of  Type  II  pneumonia,  18,  or  12  per  cent,  were  found  to  carry 
Pneumococcus  Type  II.  When  these  figures  are  compared  with  those 
from  297  healthy  individuals  not  in  contact  with  lobar  pneumonia, 
in  whom  the  incidence  of  Type  I  pneumococcus  was  0.3  per  cent  and 
that  of  Type  II  was  0.00  per  cent,  very  little  doubt  can  be  enter- 
tained that  through  contact  with  cases  of  lobar  pneumonia  due  to 
Type  I  or  Type  II  pneumococcus,  healthy  carriers  arise  with  con- 
siderable frequency.  In  almost  every  instance  in  which  a  carrier 
of  a  Type  I  or  Type  II  pneumococcus  has  been  observed,  the  type 
of  organism  in  the  carrier  has  corresponded  with  that  of  the  case 
with  which  he  has  been  associated.  Carriers  of  Type  I  and  Type  II 
pneumococcus  harbor  these  organisms  in  their  mouth  secretions  for 
variable  periods  of  time,  the  average  being  from  3  to  4  weeks.  At  the 
end  of  this  time  the  disease-producing  type  usually  disappears  and 
is  replaced,  if  pneumococci  are  present  at  all,  by  one  of  the  types  of 
pneumococcus  found  in  the  saliva  of  individuals  who  have  not  been 
in  contact  with  cases  of  pneumonia. 

Types  of  Pneumococcus  in  Dust.— The  possible  occurrence  of  pneu- 
mococcus in  dust  has  been  known  for  some  time.     Little  signifi- 


578 


ACUTE    LOBAR   PNEUMONIA 


cance,  however,  has  been  attached  to  this  fact.  In  order  to  determine 
whether  pneumococcus  could  be  recovered  with  any  regularity  from 
dust,  and  what  types  are  present,  Stillman  (R52)  has  carried  out  the 
following  study.  Specimens  of  dust  were  collected  as  follows:  A 
piece  of  paper  was  wrapped  about  a  small  scrubbing  brush,  this  in 
turn  was  covered  with  a  piece  of  cloth,  and  the  whole  sterilized  in  the 
autoclave.  The  dust  of  the  room  to  be  studied  was  swept  up  with 
the  sterile  brush  from  an  area  about  a  foot  square.  The  specimen, 
folded  in  the  sterile  paper,  was  taken  to  the  laboratory  where  it  was 
mixed  with  1  to  1.5  cc.  of  broth,  and  the  mixture  injected  into 
the  peritoneal  cavity  of  a  white  mouse.  If  the  animal  died  cultures 
were  made  from  the  heart's  blood  and  the  type  of  organism  respon- 
sible for  its  death  was  determined.  In  all,  62  specimens  of  dust  from 
rooms  in  which  no  case  of  pneumonia  was  present  were  examined. 
Pneumococci  were  recovered  from  18  of  these  specimens,  or  29  per 
cent,  and  were  absent  in  44,  or  71  per  cent.  The  frequency  of  oc- 
currence of  the  different  types  of  pneumococcus  is  shown  in  Table 
XIV. 

TABLE   XIV. 

Types  of  Pneumococcus  Recovered  from  Dust  of  Rooms  in  Which  Lobar  Pneumonia 

Had  Not  Occurred. 


Type  of  pneumococcus. 

Incidence. 

per  cent 

I 

1 

5.5 

II 

0 

0 

Ha 

0 

0 

lib 

4 

22 

IIx 

3 

16.6 

III 

2 

11 

IV 

8 

44.4 

From  Table  XIV  it  is  seen  that  the  types  of  pneumococcus  usually 
recovered  from  the  rooms  in  which  healthy  individuals  are  living 
correspond,  as  one  would  expect,  to  those  found  in  the  mouth  secre- 
tions of  these  individuals.  On  the  other  hand,  the  strictly  disease- 
producing  types  of  pneumococcus,  Types  I  and  II,  are  not  found 
unless  possibly  a  healthy  carrier  is  present,  as  was  the  case  in  the 
one  instance  given  in  the  table. 
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A  similar  study  was  made  of  the  dust  of  rooms  in  which  cases  of 
Type  I  or  Type  II  pneumonia  had  occurred.  In  all,  183  specimens 
of  dust  were  examined.  In  109  of  these  pneumococcus  was  not 
found.  In  74  of  the  specimens  of  dust  pneumococcus  was  present; 
Table  XV  gives  the  distribution  of  the  various  types  recovered. 

TABLE  xv. 

Types  of  Pneumococcus  Recovered  from  Dust  of  Rooms  in  Which  Cases  of  Lobar 
Pneumonia  Due  to  Type  I  or  Type  II  Pneumococcus  Had  Occurred. 


Type  of  pneumococcus. 

Incidence. 

per  cent 

I 

25 

33.8 

II 

23 

31.1 

Ha 

0 

0 

lib 

2 

2.7 

IIx 

2 

2.7 

III 

2 

2.7 

IV 

20 

27.0 

This  study  -shows  that  pneumococcus  is  more  frequently  present 
in  the  dust  of  rooms  in  which  lobar  pneumonia  has  occurred  than  in 
those  in  which  no  pneumonia  has  existed,  and  under  the  former  circum- 
stances pneumococci  of  Types  I  and  II  are  frequently  found.  More- 
over, in  these  instances  the  type  of  pneumococcus  found  in  the  dust 
corresponded  with  the  type  of  pneumococcus  causing  the  disease. 

Conclusions  Regarding  Epidemiology. — When  all  these  observations 
are  taken  together,  we  have  considerable  evidence,  contrary  to  the 
opinion  previously  held,  that  pneumonia,  in  a  considerable  propor- 
tion of  the  cases  at  least,  arises  by  infection  from  without.  This  evi- 
dence relates  mainly  to  the  cases  due  to  infection  with  Type  I  or 
Type  II  pneumococcus,  which  organisms,  however,  are  responsible  for 
over  60  per  cent  of  the  cases.  Pneumococci  of  these  types  persist  for 
a  limited  time  only  in  the  mouths  of  patients  who  have  suffered  from 
the  disease,  and  are  very  rarely,  if  ever,  present  in  the  mouths  of 
normal  persons  who  have  not  been  in  immediate  contact  with  such 
patients.  Pneumococci  are  not  infrequently  found  in  dust,  but  those 
of  Type  I  and  Type  II  are  practically  never  found  except  in  the  en- 
vironment of  persons  sick  of  the  disease  or  in  the  environment  of 
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carriers.  Possible  sources  of  infection  of  those  who  acquire  infection 
with  pneumococci  of  these  types,  therefore,  are  other  patients  suffer- 
ing from  pneumonia  due  to  the  same  type  of  pneumococci,  persons 
who  carry  these  organisms  during  convalescence,  persons  who  have 
acquired  the  organisms  by  close  contact  with  patients  (healthy 
carriers),  and  dust  from  the  immediate  environment  of  patients  or 
carriers. 

We  therefore  now  have  evidence  in  regard  to  the  mode  of  infection 
in  pneumonia  of  these  two  types  which  affords  a  justifiable  basis  for 
instituting  preventive  measures.  The  conditions  in  regard  to  the 
other  types  of  pneumonia  are  not  yet  sufficiently  well  known  to  justify 
discussion  here. 

General  Preventive  Measures. 

If  lobar  pneumonia  in  a  large  percentage  of  instances  is  readily 
communicable  from  one  individual  to  another,  as  the  evidence  given 
above  seems  to  indicate,  it  is  clear  that  public  health  authorities 
should  take  cognizance  of  this  fact  in  their  efforts  to  limit  the  wide- 
spread incidence  and  high  mortality  of  this  disease.  Even  if  accu- 
rate knowledge  of  the  exact  mode  of  transmission  were  unknown,  the 
enforcement  of  such  precautions  as  are  taken  in  the  effort  to  control 
the  spread  of  tuberculosis,  epidemic  cerebrospinal  meningitis,  and 
diphtheria  would  be  justifiable.  Since  we  have  definite  knowledge 
concerning  the  mode  of  transmission  in  a  large  percentage  of  the 
severe  cases  of  lobar  pneumonia,  it  is  extremely  important  that  these 
precautionary  steps  should  be  taken. 

One  of  the  essential  measures  for  the  success  of  a  campaign  against 
any  communicable  disease  is  to  provide  the  public  with  all  the  avail- 
able knowledge  concerning  it  and  to  explain  the  dangers  that  each 
infected  individual  presents  to  those  with  whom  he  comes  in  con- 
tact. The  first  step,  therefore,  in  the  control  of  lobar  pneumonia 
would  seem  to  be  the  institution  of  an  educational  campaign,  so  that 
the  public  mind  may  be  receptive  to  such  measures  of  control  as 
may  be  deemed  necessary. 

In  order  that  public  health  boards  may  institute  the  measures 
necessary  for  the  control  of  an  epidemic  disease,  it  has  been  found 
essential  that  they  should  obtain  knowledge  of  the  incidence  of  the 
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disease  in  a  locality,  and  of  the  focal  distribution  of  the  cases. 
The  only  means  by  which  this  knowledge  can  be  acquired  is  through 
compulsory  notification.  Certain  Boards  of  Health  now  have  regula- 
tions requiring  notification  of  cases  of  lobar  pneumonia,  but  these  are 
rarely  enforced,  and  at  present  the  incidence  of  this  disease  can  only 
be  approximately  determined  by  calculation  from  the  mortality  sta- 
tistics. Such  a  measure  would  not,  in  all  probability,  meet  with 
public  opposition,  as  has  developed  from  the  attempt  to  bring 
about  compulsory  notification  of  tuberculosis  or  venereal  disease. 
Because  of  the  ease  and  rapidity  with  which  the  diagnosis  of  lobar 
pneumonia  is  made  by  the  practitioner,  the  statistics  obtained  would 
probably  be  quite  accurate.  In  view  of  the  fact  that  only  certain 
types  of  lobar  pneumonia  have  been  shown  to  be  communicable, 
public  health  laboratories  should  be  equipped  to  determine  the  type 
of  pneumococcus  responsible  for  each  particular  case  of  the  disease. 
Additional  data  concerning  the  epidemiology  of  the  disease  would 
then  be  available. 

Each  case  of  pneumonia  should  be  regarded  as  a  focus  for  the  spread 
of  the  infection  and  the  care  of  each  patient  should  include  those 
measures  which  have  been  found  serviceable  in  other  communicable 
diseases.  The  patient  should  be  isolated  as  far  as  possible  and  his 
communication  with  other  individuals  should  be  reduced  to  a  practi- 
cal minimum.  Inasmuch  as  the  pneumococcus  finds  its  way  to  the 
outside  world  mainly  in  the  secretions  from  the  buccal  and  respira- 
tory tracts,  the  sputum  should  be  collected  in  special  containers 
and  either  burned  or  disinfected.  All  utensils,  handkerchiefs,  bed 
clothing,  etc.,  which  are  likely  to  become  contaminated  through 
contact  with  the  mouth  or  otherwise  should  be  sterilized  before 
again  being  put  into  general  use. 

The  studies  of  Stillman  have  shown  that  a  large  percentage  of 
pneumonia  patients  contaminate  the  rooms  which  they  occupy,  as  is 
shown  by  the  large  number  of  instances  in  which  strictly  pathogenic 
.types  of  pneumococcus  can  be  recovered  from  the  dust  of  these 
apartments.  This  indicates  the  necessity  for  thorough  cleansing  of 
any  room  occupied  by  a  case  of  pneumonia  at  the  close  of  the  period 
of  convalescence.  In  addition,  the  daily  cleansing  of  the  sick  room 
should  be  practised  in  such  a  way  as  to  avoid  dissemination  of  dust 
particles. 
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From  the  studies  presented  above  it  is  seen  that  two  types 
of  carriers  of  pathogenic  pneumococci  exist:  first,  convalescents 
from  the  disease,  and  second,  healthy  individuals  who  have  not 
contracted  the  disease  themselves,  but  who  have  been  in  intimate 
association  with  cases  of  the  disease.  These  individuals  usually  carry 
the  pathogenic  pneumococci  for  3  to  4  weeks,  but  instances  have 
been  observed  in  which  the  pneumococci  have  been  harbored  in 
the  mouth  secretions  for  much  longer  periods.  The  control  of  healthy 
carriers  of  disease  producing  bacteria  is  one  of  the  most  difficult  and 
perplexing  problems  in  the  regulation  of  infectious  diseases,  and  one 
which  has  not  as  yet  been  satisfactorily  solved.  The  ideal  method 
would  be  to  isolate  and  limit  the  contact  of  carriers  until  they 
no  longer  harbor  the  organisms  of  disease.  Such  a  procedure  un- 
fortunately is  not  always  practicable.  In  any  case  carriers  of  the 
strictly  disease-producing  types  of  pneumococci  should  be  instructed 
to  avoid  promiscuous  spitting,  they  should  be  told  to  refrain  from 
kissing,  and  they  should  be  instructed  in  the  proper  methods  of 
disposing  of  any  sputum  or  expectoration.  Disinfecting  mouth 
washes  have  proved  of  some  advantage  in  eliminating  the  organisms 
from  the  nasopharyngeal  secretions  of  meningococcus  carriers,  and 
it  is  possible  that  a  similar  method  may  prove  of  service  in  shorten- 
ing the  period  of  time  in  which  convalescents  from  lobar  pneumonia 
or  pneumococcus  carriers  harbor  the  pathogenic  organisms  in  the 
mouth.  This  procedure  has  not  yet  been  carefully  tried.  In  con- 
valescents it  is  not  likely  to  prove  of  great  value,  however,  because 
the  pneumococci  are  probably  present  in  the  deeper  air  passages  not 
reached  by  the  disinfectant. 

It  is  well  known  that  epidemics  of  lobar  pneumonia  often  arise 
and  attain  considerable  proportions  in  small  communities  in  which 
people  live  in  close  association  with  one. another,  such  as  military 
barracks,  labor  compounds,  schools,  asylums,  hospitals,  prisons,  etc. 
It  is  under  these  conditions  that  the  preventive  measures  described 
above  should  prove  of  the  greatest  value.  In  the  control  of  an- 
epidemic  disease  it  is  necessary  that  prophylactic  measures  should 
be  instituted  coincidently  with  the  development  of  the  first  cases, 
in  order  to  prevent  the  wide  dissemination  of  the  virus  and  the  con- 
sequent failure  of  all  precautionary  methods.     Therefore,  upon  the 
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outbreak  of  pneumonia  in  such  communities  as  military  barracks, 
all  patients  should  be  immediately  isolated,  their  contact  with 
other  individuals  cut  off,  and  a  search  for  carriers  of  the  disease- 
producing  types  of  pneumococcus  made  among  their  associates. 
The  carriers  found  should  be  isolated,  or  at  least  made  as  harmless 
as  possible,  by  instituting  the  measures  mentioned  above.  It  is 
only  in  this  way  that  the  distribution  of  the  pneumococcus  and  the 
resulting  high  prevalence  of  pneumonia  can  be  prevented. 

Prophylactic  Vaccination. 

Animal  experiments  have  shown  that  it  is  very  easy  to  produce 
active  immunity  to  pneumococci  by  the  injection  of  small  doses  of 
dead  organisms,  even  in  animals  as  susceptible  as  the  mouse  and 
rabbit,  and  this  immunity  persists  for  a  considerable  time.  It  is 
theoretically  possible,  therefore,  to  immunize  men  to  the  fixed  types 
of  pneumococci  by  the  injection  of  dead  cultures.  The  advisability 
of  doing  this  in  a  civilian  population  under  ordinary  conditions  has 
never  been  seriously  considered.  There  are  undoubtedly  marked 
differences  in  the  susceptibility  of  individuals  to  pneumococcus  in- 
fection, just  as  there  are  differences  among  individuals  in  susceptibility 
to  diphtheria.  The  so  called  Schick  test  has  made  the  detection  of 
individuals  who  are  immune  to  diphtheria  possible.  If  a  similar 
method  were  applicable  in  pneumonia,  so  that  persons  either  sus- 
ceptible or  immune  to  pneumococcus  infection  could  be  readily  de- 
termined, the  number  whom  it  would  be  necessary  to  immunize  could 
be  greatly  reduced,  and  probably  the  immunization  of  the  entire 
population  against  infection,  with  certain  types  of  pneumococci  at 
least,  would  be  both  practical  and  possible. 

Even  in  the  absence  of  methods  of  differentiating  the  susceptible 
individuals  from  the  immune,  however,  whenever  pneumonia  exists  to 
an  extraordinary  degree  among  certain  groups  of  individuals,  and  in 
the  case  of  epidemics,  the  question  of  preventive  inoculation  should  be 
considered.  The  only  place,  to  our  knowledge,  where  this  has  been 
attempted  on  a  large  scale  has  been  among  the  workers  in  the  mines 
in  South  Africa,  where  the  disease  prevails  to  a  most  alarming  de 
gree  and  causes  the  death  of  very  large  numbers  of  native  workmen 
These  efforts  were  made  during  1911  and  1912  under  the  direction  of 
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Sir  Almroth  Wright  (35).  In  spite  of  the  many  conclusions  and 
hypotheses  presented  in  the  elaborate  report  of  this  work,  no  definite 
results  as  to  the  efficacy  of  the  procedure  were  obtained.  No 
effort  was  made  to  immunize  the  men  against  the  different  specific 
types  of  pneumococci;  indeed  no  attention  was  paid  to  differences 
in  type,  and  it  is  therefore  evident  that  the  work  could  only  re- 
sult in  confusion.  Later  Lister  (9,  10)  carried  on  experimental 
studies  in  the  South  African  Institute  for  Medical  Research,  both  on 
animals  and  man,  and  established  certain  facts  which  may  go  far  in 
making  this  method  of  prevention  of  pneumonia  one  of  great  value. 
He  first  determined  the  types  of  pneumococci  causing  the  prevailing 
pneumonia,  and  learned  that,  in  addition  to  the  types  found  in  Europe 
and  the  United  States,  at  least  one  additional  type  exists,  which  is 
one  of  those  most  frequently  encountered  there.  He  then  studied  the 
production  of  active  immunity  to  these  various  types  in  animals, 
and  also  investigated  for  the  first  time  the  best  method  of  producing 
immunity  in  man.  He  has  found  that  it  is  easier  to  produce  immunity 
by  intravenous  than  by  subcutaneous  injection.  However,  by  the 
injection  of  sufficiently  large  doses  of  vaccine  he  has  been  able  to  pro- 
duce immunity  in  man  by  subcutaneous  injection.  The  tests  of 
immunity  employed  consisted  in  demonstrating  the  presence  of  ag- 
glutinins and  opsonins  in  the  blood.  It  may  be  objected  that  these 
methods  do  not  necessarily  indicate  active  immunity.  However,  as 
far  as  animal  studies  may  be  applicable,  it  has  been  the  experience  of 
all  investigators  that  animals  whose  blood  contains  these  antibodies 
are  always  actively  immune.  We  therefore  believe  that  these  tests 
are  perfectly  justifiable  and  reliable  in  judging  of  the  presence  of 
active  immunity.  As  we  have  stated  elsewhere,  estimations  of  pro- 
tective power  probably  give  more  accurate  quantitative  indications  of 
immunity,  but  in  the  present  circumstance  such  great  accuracy  is  not 
important.  From  Lister's  studies  he  concluded  that  for  prophylactic 
purposes  "three  subcutaneous  inoculations,  at  7  days'  interval, 
should  be  employed;  each  dose  should  consist  of  6,000  million  cocci 
of  each  group  against  which  immunity  is  desired."  He  found  that  8 
months  after  the  last  inoculation  his  own  serum  still  contained 
agglutinins  and  opsonins  against  the  types  of  organisms  injected. 
He  has  found  that  the  reactions   following   the   injection   of   even 
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very  large  doses  of  vaccine  are  slight.  Our  experience  fully  bears 
this  out.  These  observations  of  Lister  are  of  great  value  and 
importance.  Our  studies  on  the  production  of  immunity  in  animals 
(R31),  however,  suggest  strongly  that  more  effective  and  rapid  im- 
munity may  be  produced  by  the  frequent  injection  of  small  amounts 
of  vaccine  than  by  the  infrequent  injection  of  large  amounts.  Such  a 
method  of  immunization,  however,  involves  practical  considerations, 
the  discussion  of  which  cannot  be  entered  into  here.  The  important 
fact  is  that  active  immunity  may  be  produced  against  the  specific 
types  of  pneumococci  and  that  this  immunity  persists  for  a  con- 
siderable length  of  time.  The  question  of  the  advisability  of  active 
immunization  against  pneumonia  is  now  a  very  acute  and  important 
one,  since  within  a  short  time  large  numbers  of  susceptible  men  will 
be  collected  together  in  soldiers'  camps,  and  it  is  probable  that,  unless 
preventive  measures  are  instituted,  large  numbers  of  them  will  be 
attacked  by  the  disease.  Before  preventive  inoculation  is  undertaken 
on  a  large  scale,  certain  questions  must  be  answered:  Is  it  justifiable 
or  practicable  to  subject  large  numbers  of  men  to  the  resulting 
inconvenience  and  loss  of  time  in  the  hope  of  protecting  a  number 
of  them  from  this  serious  disease?  If  this  method  is  employed,  how 
may  the  highest  grade  of  immunity  be  produced,  what  should  be  the 
size  of  the  dose,  the  site  of  injection,  the  frequency  and  number  of 
injections,  and  what  is  the  best  form  of  antigen  to  be  employed? 
A  number  of  these  problems  are  now  being  studied.  The  results  of 
such  a  method  of  prophylaxis  cannot,  of  course,  be  foretold  with 
accuracy.  We  can  only  say  that  as  far  as  experiments  on  animals 
are  of  value,  the  employment  of  this  method  would  result  in  great 
saving  of  human  life.  A  trial  of  this  method  "in  army  camps  has 
already  been  strongly  recommended  by  Major  Nichols  (18)  of  the 
United  States  Army. 
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EXPLANATION  OF  PLATES. 
Plate  1. 

Fig.  1.  Requirements  for  sputum  inoculation  of  mouse. 
Fig.  2.  Method  of  grasping  mouse  for  inoculation. 

Plate  2. 

Fig.  3.  Intraperitoneal  inoculation  of  mouse. 

Fig.  4.  Method  of  collecting  peritoneal   washings  from   sputum-inoculated 
mouse. 

Plate  3. 
Fig.  5.  Injection  of  serum. 
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OBSERVATIONS  ON  KIDNEY  FUNCTION  IN  DIABETES 

MELLITUS. 

By  REGINALD  FITZ,  M.D. 

(From  the  Medical  Clinic  of  the  Peter  Bent  Brigham  Hospita,  Boston,  and  the 
Hospital  of  The  Rockefeller  Institute  for  M  dical  Research,  New  York.) 

In  the  history  of  diabetes  numerous  theories  as  to  the  cause  of  the 
disease  have  been  proposed,  although  no  single  one  has  had  an  ana- 
tomic basis  definite  enough  to  establish  the  underlying  pathologic  proc- 
ess. At  present,  while  the  etiology  of  diabetes  is  believed  by  most 
observers  to  be  due  to  insufficiency  of  the  internal  secretion  of  the 
pancreas,  yet  pathologic  anatomists  have  demonstrated  that  the  kid- 
neys of  diabetic  patients  usually  show  certain  well  denned  and  char- 
acteristic lesions. 

Armanni1  was  the  first  to  point  out  that  in  diabetes  there  was  an 
almost  specific  injury  to  the  epithelium  of  the  straight  tubules  by 
which  they  lost  their  cytoplasm  and  were  transformed  into  hyaline-like 
vesicles  without  definite  structure.  Ebstein2  confirmed  this  finding 
and  described  in  coma  a  typical  massing  together  of  necrotic  cells. 
Finally,  Ehrlich3  proved  that  the  peculiar  hyaline  degeneration  de- 
scribed by  Armanni  was  due  to  the  deposition  of  glycogen  in  the  cells 
and  that  the  so-called  "glycogenic  degeneration"  could  be  found  in 
the  majority  of  cases. 

Albertoni  and  Pisenti1  fed  rabbits  and  dogs  with  acetone,  producing 
first  albuminuria  and  eventually  hyaline  changes  analogous  to  those 
already  described,  without,  however,  causing  glycogenic  degeneration. 
Trambusti  and  Nesti5  were  able  to  produce  similar  lesions  in  phlorizi- 
nized  dogs  when  the  animals  excreted  appreciable  amounts  of  acetone 

1.  Armanni:  Quoted  by  Cantani,  Le  diabete  sucre  et  son  traitcment  dict- 
etique,  1876. 

2.  Ebstein:  Deutsch.  Arch.  f.  klin.  Med.,  1881,  28,  143;  1882,  31. 

3.  Ehrlich:  Ztschr.  f.  klin.  Med.,  1883,  6,  33. 

4.  Albertoni  and  Pisenti:  Arch.  f.  exper.  Path.  u.  Pharmakol.,  1887,  23,  393. 

5.  Trambusti  and  Nesti:  Ziegler's  Beitr.  z.  path.  Anat.,  1893,  14,  337. 
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in  the  urine.  Thus  it  has  been  shown  by  both  clinical  and  experi- 
mental material  that  the  diabetic  kidney  has  a  more  or  less  definite 
anatomic  appearance  which  is  comparable  to  that  obtained  in  animals 
associated  with  the  passage  of  acetone  bodies  from  the  blood  into  the 
urine.  In  view  of  these  findings  it  is  interesting  that  no  systematic 
studies  as  to  the  relation  of  the  kidney  function  to  diabetes  have  been 
recorded.  Work  already  reported  and  abundantly  confirmed,  how- 
ever, has  brought  out  four  interesting  features  in  this  respect. 

First,  the  diabetic  kidney  is  at  times  under  the  influence  of  a  diu- 
retic. This  has  been  shown  most  simply  by  the  characteristic  symp- 
toms of  polyuria  and  polydipsia,  and  somewhat  more  systematically 
by  the  relation  between  the  day  and  night  urine.  Laspeyres6  found 
a  nocturnal  polyuria  in  two  out  of  five  cases  of  diabetes  studied,  and 
Carles7  in  six  cases.  Lepine8  mentions  that  in  diabetes  the  normal 
difference  between  day  and  night  urine  is  less  marked,  an  observation 
confirmed  by  Pehu9  and  Kiilz.10 

Secondly,  albuminuria  either  constant,  intermittent  or  terminal,  is 
found  in  many  cases.  Thus  Aldehoff11  found  albuminuria  in  79  per 
cent,  of  680  observations,  von  Noorden12  in  21  per  cent,  of  650  obser- 
vations, and  various  other  writers  in  from  10  to  68  per  cent,  of  their 
cases.  While  the  discrepancy  in  figures  is  wide,  possibly  owing  to  the 
different  methods  of  analysis  employed,  yet  the  fact  remains  that  the 
diabetic  kidney  is  abnormally  prone  to  albuminuria. 

Thirdly,  edema  may  occur.  Naunyn13  says  that  edema  is  not  a 
rare  occurrence  in  cachetic  patients  with  severe  diabetes.  William- 
son14 has  observed  anasarca  in  more  than  5  per  cent,  of  his  patients, 
Frerichs15  in  twenty-five  out  of  400  cases,  and  Joslin  and  Goodall16  in 

6.  Laspeyres:  Deutsch.  Arch.  f.  klin.  Med.,  1910,  68,  192. 

7.  Carles:  Province  med.,  1906. 

8.  Lepine:  Le  diabete  sucre,  1909. 

9.  Pehu:  Revue  de  med.,  1903,  p.  279. 

10.  Kiilz:  Klinische  Erfahrungen  iiber  Diabetes  mellitus,  1899. 

11.  Aldehoff:  Quoted  from  Kiilz,  Footnote  10. 

12.  Von  Noorden:  Die  Zuckerkrankheit  und  ihre  Behandlung,  1912. 

13.  Naunyn:  Diabetes  Mellitus,  1906. 

14.  Williamson:  Diabetes  Mellitus  and  Its  Treatment,  1898,  p.  227. 

15.  Frerichs:  Ueber  den  Diabetes,  1884. 

16.  Joslin  and  Goodall:  Experiments  on  an  Ash-free  Diet  and  Salt  Metabo- 
lism, Jour.  Am.  Med.  Assn.,  1908,  51,  727. 
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seven  cases  at  a  time  when  the  patients  presented  slight,  if  any,  other 
evidence  of  heart  or  kidney  disease. 

Finally,  the  urine  of  patients  on  the  verge  of  coma  has  been  found 
repeatedly  to  contain  masses  of  hyaline  and  granular  casts,  the  so- 
called  "Komazylinder"  of  Aldehoff. 

The  present  paper  reports  studies  on  renal  function  in  diabetes 
under  varying  conditions  of  glycosuria,  hyperglycemia  and  acidosis. 
It  seemed  of  greatest  interest  to  study  the  effect  on  the  kidney  of 
sugar  and  acetone  bodies  because  they  are  usually  not  a  feature  in 
nephritis.  Moreover,  it  is  generally  believed  that  an  increasing  con- 
centration of  sugar  in  the  blood  without  concomitant  glycosuria  is 
due  to  a  specific  holding  back  of  sugar  on  the  part  of  the  diabetic 
kidney,  a  fact  which  in  itself  is  evidence  of  abnormal  kidney  function. 
Under  normal  conditions,  too,  the  organism  depends  on  the  kidney  to 
regulate  the  acid-base  equilibrium.  Unless  the  rate  of  elimination  of 
acids  keeps  up  with  their  rate  of  production,  true  "acidosis"  results. 
Thus  the  permeability  of  the  kidney  for  both  sugar  and  acid  may 
well  be  an  important  factor  in  helping  to  establish  the  symptoms  due 
to  glycosuria  and  acidosis. 

At  present,  the  common  tests  for  renal  function  used  in  heart  and 
kidney  diseases  in  addition  to  urinalysis  are  the  phenolsulpho- 
nephthalein  test  of  Rowntree  and  Geraghty,17  some  form  of "  test  renal 
meal"  as  advocated  by  von  Monakow,18  Hedinger  and  Schlayer,19 
O'Hare,20  and  Mosenthal,21  estimation  of  nonprotein  nitrogen  or  urea 
of  the  blood  alone  as  advocated  by  Ascoli,22  Strauss,23  and  Folin,24  or 
in  relation  to  the  simultaneous  excretion  of  urea  in  the  urine  accord- 

17.  Rowntree  and  Geraghty:  Jour.  Pharm.  and  Exper.  Therap.,  1909,  1,  579. 

18.  Von  Monakow:  Deutsch.  Arch.  f.  klin.  Med.,  1911,  102,  248. 

19.  Hedinger  and  Schlayer:  Deutsch.  Arch.  f.  klin.  Med.,  1914,  114,  120. 

20.  O'Hare:  A  Study  of  Salt,  Nitrogen  and  Water  Excretion  in  Nephritis,  The 
Archives  Int.  Med.,  1916,  17,  711. 

21.  Mosenthal:  Renal  Function  as  Measured  by  the  Elimination  of  Fluids, 
Salt  and  Nitrogen,  and  the  Specific  Gravity  of  the  Urine,  The  Archives  Int. 
Med.,  1915,  16,  733. 

22.  Ascoli:  Arch.  f.  d.  ges.  Physiol.,  1901  87,  103. 

23.  Strauss:  Die  Chronischc  Nierenuiindungen  in  ihrcr  Einwirkung  auf  die 
Blutfliissigkeit  und  deren  Behandlung,  1902. 

24.  Folin  and  Denis:  Jour.  Biol.  Chem.,  1912,  11,  527. 
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ing  to  the  method  of  Ambard25  and  McLean,26  and  estimation  of  the 
blood  chlorid  in  relation  to  its  excretion  in  the  urine  according  to 
Ambard's  laws.  Comparative  studies  with  those  tests  in  nephritis 
have  shown  that  as  the  renal  function  becomes  impaired,  the  excre- 
tion of  phenolsulphonephthalein  diminishes,  the  nonprotein  nitrogen 
and  urea  of  the  blood  increase,  the  kidney  is  less  able  to  excrete  ni- 
trogen and  in  certain  instances  water  and  sodium  chlorid,  and  the  ratio 
between  urea  in  the  blood  and  that  in  the  urine  changes  so  that  Am- 
bard's constant  for  urea  becomes  higher  as  McLean's  index  becomes 
proportionally  lowered.  Interesting  information  in  regard  to  renal 
physiology  has  been  obtained  by  such  tests  and  two  significant  conclu- 
sions have  been  drawn:  (1)  Ambard  and  McLean  have  demonstrated 
that  the  excretion  of  certain  substances  from  the  blood  through  the 
kidney  into  the  urine  is  carried  on  according  to  laws  capable  of  numer- 
ical expression.  (2)  The  kidney  has  selective  and  independent  pow- 
ers of  excretion  for  several  of  the  different  urinary  constituents. 
.  For  the  studies  reported  here  a  series  of  cases  of  diabetes  of  dif- 
fering severity  was  selected.  Renal  function  in  relation  to  the  excre- 
tion of  urea  and  sodium  chlorid  was  tested  by  McLean's  adaptation 
of  the  Ambard  constant.  These  tests  seemed  sufficiently  compre- 
hensive because  McLean  has  shown  that  the  urea  index  is  a  good 
indicator  of  total  renal  function,  gives  practically  the  same  informa- 
tion as  the  phenolsulphonephthalein  test,  and  is  preferable  to  those 
tests  which  rely  on  blood  analysis  alone,  since  they  can  be  interpreted 
only  when  the  intake  of  the  substance  studied  is  known.  The  chlorid 
excretion  was  determined  in  addition,  to  study  renal  function  in  more 
than  one  way.  "Test  meal"  studies  were  not  made  because  the 
cases  differed  so  widely  in  severity  as  to  make  a  common  diet  for  all 
impossible.  The  blood  and  urine  sugar,  as  well  as  the  carbon  dioxid 
tension  of  the  alveolar  air,27  were  estimated  to  disclose  any  relation  bc- 

25.  Ambard:  Physiologie  Normale  et  Pathologique  des  Reins,  1914. 

26.  McLean:  Clinical  Determination  of  Renal  Function  by  an  Index  of  Urea 
Excretion,  Jour.  Exper.  Med.,  1915,  22,  212,  336;  Jour.  Am.  Med.  Assn.,  1916, 
66,  415. 

27.  The  carbon  dioxid  tension  of  the  alveolar  air  was  determined  in  the  Peter 
Bent  Brigham  Hospital  cases.  In  the  others  it  was  calculated  from  the  capacity 
of  the  blood  plasma  to  combine  with  carbon  dioxid    (Van   Slyke:   Jour.   Biol. 
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tween  abnormal  renal  function,  as  illustrated  by  ordinary  tests,  and 
glycosuria  or  abnormal  amounts  of  sugar  or  acetone  bodies  in  the 
blood.  Obviously,  the  carbon  dioxid  tension  of  the  alveolar  air  gave 
an  indirect  measure  of  the  blood  acetone  bodies.  Winterstein28  and 
Hasselbalch,29  however,  have  established  that  variations  in  the  car- 
bon dioxid  content  of  the  blood,  and  consequently  of  the  alveolar  air, 
are  inverse  to  the  production  of  nonvolatile  acids.  Observations  to 
be  published  in  another  paper  show  that  in  diabetes  the  fall  in  the 
alveolar  carbon  dioxid  which  occurs  in  acidosis  is  more  or  less  parallel 
to  the  increase  of  acetone  bodies  in  the  blood;  thus  the  information 
so  obtained  was  significant. 

The  tests  were  all  made  in  the  same  fashion  according  to  McLean's 
adaptation  of  Ambard's  methods.  The  patients  were  taken  for  ob- 
servation in  the  morning  before  breakfast  to  avoid  the  effect  of  feed- 
ing. One-half  hour  before  the  period  began  the  subjects  were  given 
150  or  200  c.c.  of  water  and  took  no  more  fluid  or  food  until  the  ob- 
servation period  was  ended.  At  the  beginning  of  the  period  the 
bladder  was  emptied.  Thirty  minutes  later  about  25  c.c.  of  blood  was 
taken  from  an  arm  vein  into  a  dry  tube  containing  about  100  mg.  of 
powdered  potassium  oxalate  to  prevent  clotting.  At  the  same  time 
samples  of  alveolar  air  were  obtained.  At  the  end  of  72  minutes30 
after  the  bladder  was  first  emptied,  the  specimen  of  urine  secreted 
during  the  72-minute  period  was  collected,  carefully  measured  and 
used  for  analysis.  A  72-minute  period  was  ordinarily  taken,  since  it 
is  one-twentieth  of  24  hours,  and  the  calculation  of  the  rate  of  excre- 
tion for  24  hours  was  made  simple. 

Chem.,  1917,  30,  289),  the  volume  per  cent,  of  carbon  dioxid  bound  by  the  plasma 
being  multiplied  by  0.69  in  order  to  make  the  results  numerically  comparable 
to  alveolar  carbon  dioxid  tensions  expressed  in  millimeters  of  mercury.  The  re- 
sults from  the  two  methods  are  usually  alike,  as  has  been  shown  by  Van  Slyke 
and  by  Frothingham  and  Walker  (The  Archives  Int.  Med.,  1916,  18,  304), 
although  in  diabetes  the  alveolar  air  sometimes  indicates  acidosis  when  the  blood 
alkali  is  really  normal  (Stillman,  Van  Slyke,  Cullen,  and  Fitz:  Jour.  Biol.  Chem., 
1917.31,405). 

28.  Winterstein:  Arch.  f.  d.  ges.  Physiol.,  1911,  138,  167. 

29.  Hasselbach:  Biochem.  Ztschr.,  1912,  46,  403. 

30.  In  a  few  cases  the  length  of  time  was  one  or  two  hours.  In  such  instances 
the  blood  was  drawn  in  the  middle  of  the  time  selected. 
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A  portion  of  the  blood  was  analyzed  for  urea  by  the  method  of 
Van  Slyke  and  Cullen,31  and  for  sugar  by  the  Benedict-Lewis32  method, 
except  in  a  few  cases  when  Bang's33  micromethod  was  used.  The  re- 
mainder of  the  blood  was  centrifugalized  and  the  plasma  pipetted 
off.  A  portion  of  the  plasma  was  analyzed  for  sodium  chlorid  by  the 
McLean  and  Van  Slyke34  method,  and  for  the  combining  power  for 
carbon  dioxid  according  to  Van  Slyke's35  method.  Alveolar  air  sam- 
ples were  collected  according  to  the  Plesch36  method  and  were  analyzed 
in  a  Haldane37  gas  analysis  instrument.  Since  the  blood  or  air  was 
taken  in  about  the  middle  of  the  period,  it  was  assumed  to  represent 
the  concentration  in  the  blood  for  the  substances  whose  simultaneous 
excretion  in  the  urine  was  studied.  The  urine  was  analyzed  for  sugar 
by  Benedict's38  method  or  polarization  in  a  few  instances;  for  chlorids 
by  a  modified  Volhard  titration;  and  for  urea  and  ammonia  by  Van 
Slyke  and  Cullen's  method.  The  results  are  divided  into  two  groups 
dealing  with  (1)  the  urea  index,  and  (2)  the  relation  of  plasma  chlorid 
to  the  excretion  of  chlorid  in  the  urine. 

In  Table  1  are  recorded  observations  on  the  urea  index.  In  con- 
sidering the  results  it  is  necessary  to  compare  them  with  similar  ob- 
servations on  normal  individuals.  McLean  has  published  107  such 
tests  made  according  to  the  same  methods,  which  serve  as  a  good  con- 
trol. His  tables  show  that  the  normal  concentration  of  urea  in  the 
blood  varies  from  0.2  to  0.5  gm.  per  liter.  The  normal  urea  index 
varies  between  80  and  200,  with  an  average  reading  of  120  based  on 
100  tests.  Any  index  below  80  is  considered  abnormal,  and  the  de- 
gree of  impairment  of  functional  ability  or  damage  to  the  kidneys  be- 
comes greater  as  the  index  gets  lower.  Any  index  above  200  is  ab- 
normal, although  its  significance  is  less  certain.  A  high  index  may 
occur  in  healthy  young  individuals  with  low  blood  urea;  it  may  result 

31.  Van  Slyke  and  Cullen:  Jour.  Biol.  Chem.,  1914,  19,  211. 

32.  Benedict  and  Lewis:  Jour.  Biol.  Chem.,  1915,  20,  61. 

33.  Bang:  Der  Blutzucker,  1913. 

34.  McLean  and  Van  Slyke:  Jour.  Biol.  Chem.,  1915,  21,  361. 

35.  Van  Slyke:  Jour.  Biol.  Chem.,  1917,  30,  289. 

36.  Plesch:  Ztschr.  f.  exper.  Path.  u.  Therap.,  1909,  3,  380. 

37.  Haldane:  Methods  of  Gas  Analysis,  1912. 

38.  Benedict:  The  Detection  and  Estimation  of  Glucose  in  Urine,  Jour.  Am. 
Med.  Assn.,  1911,  57,  1193. 


TABLE    1. 

The  Relation  of  the  Rate  of  Urea  Excretion  to  Concentration  in  Blood  Arranged 
According  to  the  Urea  Index. 
Gm.  per  24  Hrs.        Gm.  per  Liter  X  8.96 


Index  (I) 


117.  in  Kg.  X  (Blood  Urea)2 


Urea 

Number 

Subjecl 

Weight, 
Kg. 

24  Hour 

Urine, 

C.c. 

Gm.  per 

Liter  of 

Blood 

Ur 

Gm.  per 

Liter  of 

Urine 

C 

Gm. 

per 

24  Hrs. 

D 

Index 

1 

1 

P.  B.  B.  H. 

6353 

30.0 

3,600 

0.726 

6.99 

25.20 

37 

2 

P.  B.B.  H. 

6493 

70.6 

3,072 

0.458 

9.09 

27.92 

50 

3 

R.  I.  H. 

2341 

54.0 

1,694 

0.167 

3.72 

6.30 

72 

4 

Fl. 

45.0 

6,000 

0.360 

4.16 

25.00 

79 

5 

R.  I.  H. 

2234 

50.0 

2,000 

0.410 

12.35 

24.70 

93 

6 

R.  I.  H. 

2480 

47.0 

1,680 

0.273 

8.11 

13.62 

100 

7 

P.  B.  B.  H. 

5921 

61.7 

2,880 

0.267 

6.76 

19.47 

104 

8 

R.  I.  H. 

2128 

40.2 

1,500 

0.314 

10.05 

15.10 

108 

9 

P.  B.  B.  H. 

5938 

40.0 

4,800 

0.280 

3.94 

18.91 

108 

10 

P.  B.B.  H. 

6328 

68.3 

1,200 

0.494 

30.77 

36.92 

110 

11 

P.  B.  B.H. 

5975 

64.0 

1,080 

0.377 

25.66 

27.71 

138 

12 

P.  B.  B.  H. 

6364 

64.2 

1,560 

0.265 

12.60 

19.66 

139 

13 

R.  I.  H. 

2280 

28.5 

800 

0.232 

9.64 

7.70 

140 

14 

P.  B.B.H. 

6032 

48.0 

1,440 

0.257 

10.75 

15.48 

144 

15 

R.  I.  H. 

2680 

48.0 

2,000 

0.262 

8.88. 

17.76 

144 

16 

R.  I.  H. 

2525 

47.8 

4,080 

0190 

3.60 

14.70 

145 

17 

L.  T. 

50.0 

2,540 

0.260 

8.09 

20.58 

156 

18 

R.  I.  H. 

2111 

49.2 

5,400 

0.225 

4.07 

22.00 

160 

19 

R.  I.  H. 

2684 

31.7 

6,740 

0169 

1.81 

12.20 

162 

20 

P.  B.  B.  H. 

6483 

61.9 

1,200 

0.272 

17.61 

21.13 

174 

21 

C.  R. 

37.3 

3,460 

0162 

3.11 

10.75 

175 

22 

R.  I.  H. 

2382 

46.5 

1,740 

0220 

9.16 

15.94 

192 

23 

P.  B.B.H. 

6205 

62.0 

780 

0.212 

18.23 

14.22 

198 

24 

R.  I.  H. 

2516 

87.2 

2,997 

0.307 

15.40 

46.13 

198 

25 

R.  I.  H. 

2414 

39.8 

1,280 

0.165 

7.11 

9.09 

200 

26 

M.  L. 

64.0 

3,840 

0218 

6.98 

26.40 

205 

27 

R.  I.  H. 

2394 

42.0 

2,800 

0.215 

6.37 

17.70 

206 

28 

P.  B.  B.  H. 

5564 

52.0 

3,360 

0.135 

3.51 

11.79 

210 

29 

Fl. 

95.4 

6,000 

0.230 

7.44 

44.64 

217 

30 

Dl. 

48.7 

2,200 

0.192 

7.38 

16.24 

220 

31 

R.  I.  H. 

2487 

50.2 

1,800 

0.092 

3.26 

5.86 

223 

32 

R.  I.  H. 

2469 

50.4 

5,000 

0.160 

4.17 

20.85 

296 

33 

C.  A. 

60.0 

2,900 

0.222 

10.60 

30.74 

305 

34 

R.  I.  H. 

2686 

25.8 

2,700 

0.109 

2.52 

6.80 

315 

35 

P.  B.  B.  H. 

5593 

65.6 

1,500 

0.210 

16.71 

25.06 

320 

36 

R.  I.  H. 

2457 

52.2 

3,500 

0.152 

7.62 

26.67 

550 

37 

R.  I.  H. 

2679 

41.2 

3,400 

0.115 

5.06 

17.20 

635 

38* 

P.  B.B.H. 

6482 

71.3 

7,320 

0.240 

20.65 

151.16 

1498 

*Excluded  from  table  of  averages. 
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from  the  washing  out  of  urea  with  a  high  fluid  output;  or  it  may  occur 
with  "vascular  hypersensitiveness,"  according  to  the  conception  of 
Schlayer.  Repeated  indexes  made  on  the  same  normal  individual  at 
different  times  may  show  such  marked  differences  as  from  87  to  196. 
The  meaning  of  such  variation  is  not  defined. 

Table  1  shows  that  twenty-one  cases  of  diabetes,  or  56  per  cent,  of 
those  studied,  have  a  urea  index  within  normal  limits.  Thirteen 
cases,  or  34  per  cent.,  have  an  index  above  200;  four  cases,  or  10  per 
cent.,  have  an  index  below  80,  and  must  therefore  be  considered  to 
have  an  impaired  renal  function.  It  is  of  interest  that  such  a  large 
number  of  cases  should  have  a  high  index,  especially  when  it  is  realized 
that  the  average  index  of  those  cases  within  normal  limits  is  146, 
which  is  significantly  higher  than  McLean's  normal  average  of  120. 
One  reason  for  such  findings  may  be  the  low  blood  urea  found  in 
several  cases.  Thus  Case  31,  with  an  index  of  223,  had  a  blood  urea 
of  0.092  gm.  per  liter,  Case  25  an  index  of  200,  with  0.165  gm.  of  urea 
per  liter  of  blood,  and  Case  28  an  index  of  210,  with  0.135  gm.  of 
urea  per  liter  of  blood.  A  more  probable  explanation  lies  in  the  high 
fluid  output  which  occurred  frequently.  For  instance,  in  the  thir- 
teen cases  with  an  index  above  200,  the  rate  of  water  excretion  or 
twenty-four  hours  was  never  below  1,500  c.c,  in  one  case  it  reached 
7,320  c.c,  and  averaged  3,770  c.c,  while  in  the  entire  series  the  lowest 
output  was  780  c.c.  per  twenty-four  hours,  and  the  average  was  3,034 
c.c.  In  McLean's  normals,  on  the  other  hand,  the  highest  fluid  out- 
put encountered  was  5,400  c.c,  the  lowest  was  462  c.c,  while  the 
average  was  1,738  c.c. 

The  patients,  both  normal  and  diabetic,  had  taken  the  same  amount 
of  fluid  to  drink  at  the  same  time  before  the  period  was  begun.  It 
therefore  seemed  that  the  diabetic  kidney  often  had  a  rate  of  water 
elimination  more  rapid  than  normal.  Since  acids  or  sugar  might  pos- 
sibly produce  such  a  diuretic  effect,  the  fate  of  water  excretion  per 
twenty-four  hours  was  compared  with  the  height  of  blood  sugar,  with 
the  glycosuria,  and  with  the  degree  of  acidosis  in  those  cases  with  a 
normal  or  high  urea  index.  The  results  of  this  study  are  shown  in 
Table  2. 

The  results  studied  from  this  point  of  view  are  inconclusive.  Of 
the  thirty-four  observations,  twenty-three  had  a  fluid  output  above 
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the  average  normal  rate  of  1,740  c.c.  in  twenty-four  hours.  In  this 
group  acidosis  could  not  be  assumed  to  produce  the  polyuria,  as  cases 
with  a  low  alveolar  air  showed  no  tendency  to  excrete  more  fluid  than 
did  those  with  high  alveolar  air.  Twelve  cases  showed  an  appreciable 
excretion  of  sugar.  The  fluid  output  in  these  cases  bore  relation 
neither  to  the  total  excretion  in  twenty-four  hours  nor  to  the  concen- 
tration of  sugar  per  liter  of  urine.  The  sugar-free  cases  appeared  to 
excrete  water  with  as  much  ease  as  those  with  glycosuria.  It  is  of 
possible  significance  that  only  four  of  the  twenty- three  cases  had  a 
blood  sugar  below  0.17  per  cent.  This  observation  alone  might  sug- 
gest that  hyperglycemia  was  an  important  factor  in  diuresis.  But 
against  this  are  the  eleven  cases  with  a  more  nearly  normal  fluid  out- 
put, five  of  which  had  a  hyperglycemia  well  above  0.17  per  cent. 

On  the  whole,  it  appears  from  this  series  of  cases  that  many  dia- 
betics have  an  abnormally  high  urea  index.  This  is  probably  due  in 
part  to  a  washing  out  of  urea  through  an  increased  output  of  fluid. 
Such  polyuria  does  not  depend  on  acidosis  or  glycosuria,  but  is  apt 
to  be  coincident  with  a  pronounced  hyperglycemia.  These  findings 
suggest  that  the  diabetic  kidney  is  ordinarily  hyperfunctional  and 
hypersensitive  to  such  a  diuretic  as  an  increased  amount  of  sugar  in 
the  blood.  .They  may  explain  in  a  measure  the  observations  of  earlier 
workers  who  commented  on  the  frequency  of  nocturnal  polyuria  in 
the  disease. 

Of  much  greater  interest  both  from  the  point  of  view  of  kidney 
function  and  diabetes  are  those  cases  with  a  urea  index  below  80,  or, 
in  other  words,  those  cases  with  a  definitely  impaired  renal  function. 
These  cases  will  be  discussed  in  detail  and  will  include  certain  other 
cases  which  should  be  placed  in  the  same  group  for  comparison.  The 
cases  fall  into  two  divisions,  the  first  consisting  of  one  case  in  which 
the  abnormal  renal  function  was  probably  due  to  a  coexistent  chronic 
nephritis,  and  the  second  including  seven  cases  of  impending  or  true 
diabetic  coma. 
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TABLE    2. 

The  Relation  of  the  Rate  of  Water  Excretion  in  Twenty-Four  Hours  to  Sugar 

Excretion,  and  to  Concentration  in  the  Blood  of  Sugar  or  Acids  (as 

Estimated  by  the  Carbon  Dioxid  Tension  of  the  Alveolar  Air) 

in  Those  Cases  of  Diabetes  with  a   Urea  Index 

Above  80.     Tabulated  According  to  the 

Fluid  Output. 


Sugar 

Number 

Subject 

Weight, 
Kg. 

24  Hour 

Urine, 

C.c. 

Gm.  per 
Liter  of 
Blood 

S 

Gm.  per  Liter 

of  Urine 

C 

Gm. 

per 

24  Hrs. 

D 

Alveolar 
CO,, 
Mm. 

1 

P.  B.B.  H. 

6482 

71.3 

7,320 

3.40 

18.50 

135.42 

39.9 

2 

R.  I.  H. 

2684 

31.7 

6,740 

1.37 

Negative 

42.6 

3 

Fl. 

95.4 

6,000 

2.26 

7.50 

45.00 

35.0 

4 

R.  I.  H. 

2111 

49.2 

5,400 

2.00 

Traces 

37.8 

5 

R.  I.  H. 

2469 

50.4 

5,000 

1.33 

Negative 

38.9 

6 

P.  B.  B.H. 

5938 

40.0 

4,800 

3.18 

12.50 

60.00 

12.8 

7 

R.  I.  H. 

2525 

47.8 

4,080 

1.56 

Negative 

40.2 

8 

P.  B.  B.  H. 

64.0 

3,840 

1.49 

Negative 

40.8 

9 

R.  I.  H. 

2457 

52.2 

3,500 

2.94 

18.52 

64.82 

23.2 

10 

C.  R. 

37.3 

3,460 

2.63 

32.30 

111.50 

15.5 

11 

R.  I.  H. 

2679 

41.2 

3,400 

2.86 

Negative 

43.2 

12 

P.  B.  B.  H. 

5564 

52.0 

3,360 

2.30 

Negative 

37.3 

13 

R.  I.  H. 

2516 

87.2 

2,997 

2.63 

16.40 

49 .  14 

38.8 

14 

P.  B.  B.H. 

5921 

61.7 

2,880 

2.16 

Traces 

31.6 

15 

R.  I.  H. 

2394 

42.0 

2,800 

2.33 

22.20 

62.00 

20.2 

16 

C.  A. 

60.0 

2,900 

2.50 

23.80 

69.02 

35.0 

17 

R.  I.  H. 

2686 

25.8 

2,700 

2.00 

Negative 

41.3 

18 

L.  T. 

50.0 

2,540 

2.56 

41.60 

106.00 

29.6 

19 

Dl. 

48.7 

2,200 

4.35 

34.48 

75.85 

36.8 

20 

R.  I.  H. 

2680 

48.0 

2,000 

3.00 

16.00 

32.00 

20.1 

21 

R.  I.  H. 

2234 

50.0 

2,000 

2.08 

Negative 

38.2 

22 

R.  I.  H. 

2487 

50.2 

1,800 

2.38 

Negative 

42.2 

23 

R.  I.  H. 

2382 

46.5 

1,740 

3.12 

23.20 

40.37 

35.3 

24 

R.  I.  H. 

2480 

47.0 

1,680 

4.16 

Traces 

33.0 

25 

P.  B.  B.  H. 

6364 

64.2 

1,560 

1.37 

Negative 

38.2 

26 

P.  B.  B.  H. 

5593 

65.6 

1,500 

1.72 

Negative 

42.5 

27 

R.  I.  H. 

2123 

40.2 

1,500 

2.08 

Negative 

36.2 

28 

P.  B.  B.  H. 

6032 

48.0 

1,440 

1.03 

Negative 

39.1 

29 

R.  I.  H. 

2414 

39.8 

1,280 

1.67 

Negative 

47.6 

30 

P.  B.  B.  H. 

6483 

61.9 

1,200 

2.92 

31.00 

37.20 

33.9 

31 

P.  B.B.  H. 

6328 

68.3 

1,200 

2.56 

22.00 

26.40 

35.1 

32 

P.  B.  B.  H. 

5975 

64.0 

1,080 

1.43 

Negative 

38.7 

33 

R.  I.  H. 

2280 

28.5 

800 

3.12 

Negative 

36.9 

34 

P.  B.  B.  H. 

6205 

62.0 

780 

2.82 

Negative 

32.5 
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REPORT   OF   CASES. 


The  first  case,  R.  I.  H.,  2341,  was  a  Russian  woman  aged  51.  During  a  preg- 
nancy twenty-eight  years  previously,  the  patient  apparently  had  an  attack  of 
acute  nephritis  which  recurred  a  year  before  entry  to  the  hospital.  Her  diabetic 
symptoms  were  of  two  and  one-half  years'  duration.  Her  physical  examination 
was  essentially  negative  except  for  an  enlarged  heart  with  an  apical  systolic  mur- 
mur, and  a  blood  pressure  which  on  repeated  examinations  was  above  190  systolic. 
The  urine  had  a  large  trace  of  albumin  and  was  without  casts  in  the  sediment. 
In  view  of  the  patient's  history  and  physical  examination  it  seemed  probable  that 
the  urea  index  of  72  was  due  to  a  chronic  nephritis,  and  was  independent  of  her 
diabetes,  which  was  relatively  mild. 

Of  the  coma  cases,  the  first,  C.  R.,  was  a  young  woman  30  years  old.  Her 
diabetes  was  of  three  years'  duration,  had  shown  a  progressive,  downward  ten- 
dency and  was  accompanied  by  great  emaciation  and  weakness.  When  seen, 
her  physical  examination  was  negative.  Mentally  she  was  bright  arid  said  that 
she  was  no  more  uncomfortable  than  she  had  been  for  a  year.  Her  breathing, 
however,  was  abnormally  deep,  and  her  pulse  was  small  and  rapid.  The  carbon 
dioxid  tension  of  her  alveolar  air  was  15.5  mm.  The  urine  contained  acetone, 
diacetic  acid  and  much  sugar.  There  was  a  large  trace  of  albumin  and  the  sedi- 
ment contained  many  hyaline  and  granular  casts.  Renal  function  tests  showed  a 
urea  index  of  280.  The  patient  was  treated  by  her  own  physician  who  reported 
her  death  about  ten  days  later. 

Three  cases  were  seen  at  shorter  intervals  before  death. 

Fl.  was  a  Russian  aged  60  years,  with  diabetes  of  several  years'  duration.  A 
month  previously  he  developed  a  carbuncle  on  his  neck,  which  was  still  draining, 
though  apparently  in  good  condition.  Two  days  before  being  seen  he  became 
alarmingly  sleepy  and  short  of  breath.  When  seen,  he  still  could  be  roused, 
though  he  was  evidently  in  a  serious  condition.  His  physical  examination  was 
negative  except  for  his  carbuncle  and  a  diffuse  bronchitis.  His  pulse  was  rapid 
and  weak.  His  breathing  showed  marked  air  hunger.  The  urine  contained 
much  acetone,  diacetic  acid  and  sugar,  had  a  heavy  trace  of  albumin,  and  was 
loaded  with  hyaline  and  granular  casts.  Here  again  the  carbon  dioxid  tension  of 
the  alveolar  air  was  low  (23.2  mm.).  The  urea  index  was  79.  The  patient  con- 
tinued to  grow  worse  and  died  in  a  few  days.  No  further  studies  on  renal  func- 
tion could  be  made. 

The  third  case,  P.  B.  B.  H.,  6353,  was  that  of  a  boy  aged  13  years,  with  symp- 
toms of  diabetes  of  a  few  months'  duration.  The  day  before  entry  he  suddenly 
became  dyspneic  and  went  into  deep  coma.  His  urine  in  addition  to  acetone, 
diacetic  acid  and  sugar,  contained  a  large  trace  of  albumin  and  had  showers  of 
hyaline  and  granular  casts  in  the  sediment.  The  renal  function  tests  showed  a 
urea  index  of  36.5.  pointing  to  a  severe  injury  to  his  kidneys.     Associated  with 
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this  was  a  carbon  dioxid  tension  in  the  alveolar  air  of  12.8  mm.  The  patient 
died  in  a  few  hours. 

The  fourth  case,  R.  I.  H.  2787,  was  a  girl  aged  12  years.  Her  diabetes  was  of 
a  year's  duration.  She  first  entered  the  hospital  Nov.  16,  1916,  with  considerable 
acidosis  and  glycosuria  which  cleared  up  under  treatment.  At  the  time  of  entry 
her  urine  contained  albumin  and  casts,  her  urea  index  was  510,  her  glycosuria 
was  27  gm.  to  the  liter  or  89  gm.  in  twenty-four  hours,  and  her  blood  sugar  was 
0.31  per  cent.  Her  alveolar  carbon  dioxid  tension  was  23.3  mm.  She  was  dis- 
charged Dec.  23,  1916,  in  good  condition. 

She  reentered  March  10,  1917,  in  coma.  According  to  the  history  she  had  been 
well  until  the  day  before,  when  she  began  to  feel  "short  of  breath"  and  subse- 
quently had  grown  stuporous.  She  died  in  a  few  hours  after  reaching  the  hospital. 
Her  urine  on  this  admission  contained  more  albumin  than  on  the  time  before,  but 
fewer  casts.  Her  urea  index  was  34,  her  glycosuria  was  9.52  gm.  to  the  liter  or 
33.74  gm.  in  twenty-four  hours,  and  her  blood  sugar  was  0.46  per  cent.  Her 
alveolar  carbon  dioxid  tension  was  10  mm. 

If  these  four  cases  are  grouped  together  as  one,  it  is  seen  that  as 
coma  developed  the  renal  function  grew  worse.  This  was  best  shown 
by  the  rapidly  falling  urea  index.  It  so  happened,  moreover,  that  in 
each  case  the  concentration  and  total  output  of  sugar  were  compar- 
able, yet  the  blood  sugar  increased  as  the  urea  index  fell,  an  observa- 
tion suggesting  that  the  kidney  was  becoming  impermeable  to  sugar 
as  well  as  urea. 

Opportunity  to  inquire  more  specifically  into  kidney  function  in 
diabetic  coma  was  afforded  by  three  other  cases  which  were  studied 
for  several  successive  days. 

P.  B.  B.  H.  6493,  was  a  woman  aged  60  years.  Her  history  was  unimportant 
except  for  a  characteristic  diabetic  history  of  ten  years'  duration.  Until  a  week 
before  entry  into  the  hospital  she  had  been  reasonably  comfortable.  Then  for 
no  apparent  reason  she  had  become  worse  and  on  the  day  of  entry  was  nearly 
comatose. 

She  was  a  very  plethoric,  obese  woman.  Her  physical  examination  was  nega- 
tive except  as  to  urine  and  blood  analyses.  She  lived  five  days.  By  way  of 
treatment  she  was  fasted  and  was  given  fluids,  soup,  whisky  and  sodium  bicar- 
bonate in  large  doses.  The  progress  of  her  illness  and  its  effect  on  renal  function 
is  shown  in  Table  3. 

At  entry  the  urine  contained  albumin  and  casts  in  addition  to  sugar,  acetone 
and  diacetic  acid.  It  was  evident  from  these  signs,  as  well  as  on  account  of  such 
a  low  carbon  dioxid  tension  of  the  alveolar  air  (23.7  mm.  tension)  that  she  had  a 
marked  acidosis.  Clinically,  during  the  three  days  following  admission  she  ap- 
peared to  improve.     Her  kidney  function,  however,  grew  worse  despite  the  fact 
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that  enough  alkali  must  have  been  absorbed  to  neutralize  her  acidosis  in  part  and 
to  cause  a  definite  rise  in  the  carbon  dioxid  tension  of  her  alveolar  air.  On  the 
morning  of  the  fifth  day  the  urea  index  was  only  6.  Her  condition  was  so  bad 
that  it  was  impossible  to  obtain  a  specimen  of  alveolar  air  for  analysis.  She  died 
within  a  few  hours. 

TABLE    3. 
Case  P.  B.  B.  H.,  6493. 


Wt. 
Kg. 

24  Hr. 
Urine 

Urea 

Index 

Sugar 

Date 

Gm. 

per 
Liter 
Blood 

Ur 

Gm. 

per 

Liter 

Urine 

C 

Gm. 
per 

24 
Hrs. 

D 

Gm. 

per 

Liter 

Urine 

C 

Gm. 
per 

24 
Hrs. 

D 

Gm. 

per 

Liter 

Blood 

S 

Alveolar  CO,, 
Mm. 

8/29/15 

70.6 

3,072 

0.458 

9.09 

27.92 

50 

51.5 

158.2 

5.65 

23.7 

8/30/15 

71.5 

2,960 

0.458 

7.88 

23.32 

39 

17.0 

50.3 

5.60 

17.1 

8/31/15 

71.5 

3,840 

0.304 

4.22 

16.21 

45 

9.20 

35.0 

5.60 

24.7 

9/  V15 

69.8 

2,880 

0.314 

3.97 

11.43 

30 

7.00 

20.0 

4.55 

38.6 

9/  2/15 

69.8 

2,240 

0.466 

2.74 

6.22 

6 

10.00 

22.4 

6.80 

Not  obtained 

The  excretion  of  sugar  in  this  case  is  noteworthy.  At  entry  the  blood  sugar 
was  high  and  was  accompanied  by  a  relatively  high  sugar  output.  Under  fasting 
the  blood  sugar  showed  a  slight  diminution,  with  a  sudden  rise  taking  place  just 
before  death.  The  sugar  excretion  on  the  other  hand  showed  a  persistent 
decrease. 

P.  B.  B.  H.  5938  is  a  similar  case.  The  patient  was  a  young  woman  aged  30 
with  an  unimportant  history  except  for  diabetes.  This  was  of  two  years'  duration 
and  had  caused  marked  loss  of  weight  and  emaciation.  The  day  before  entry  to 
the  hospital  she  had  become  dyspneic  and  stupid.  At  entry  she  could  still  be 
roused  but  had  pronounced  air  hunger.  Her  physical  examination  was  negative 
except  for  her  blood  and  urine.  She  died  three  days  after  entry.  Her  treatment 
in  the  hospital  consisted  in  whisky  and  fluids  by  mouth.  In  addition  she  was 
given  infusions  of  sodium  bicarbonate  and  glucose.  Tests  for  renal  function  gave 
results  shown  in  Table  4. 

TABLE    4. 
Case  P.  B.  B.  H.,  5938. 


Wt. 
Kg. 

24  Hr. 
Urine 

Urea 

Index 

Sugar 

Date 

Gm. 

per 
Liter 
Blood 

Ur 

Gm. 
per 
Liter 
Urine 
C 

Gm. 
per 

24 
Hrs. 

D 

Gm. 

per 
Liter 
Urine 

C 

Gm. 
per 

24 
Hrs. 

D 

Gm. 

JJ* 

Liter 

Blood 
S 

Alveola! 
CO,, 

Mm. 

6/30/15 
7/  1/15 
7/  2/15 

40.0 
40.0 
40.0 

4,800 
4,380 
4,016 

0.280 

0.355 
0.374 

3.94 
4.00 
2.50 

18.91 

17.52 
10.00 

108 
62 

25 

12.50 
13.00 
23.00 

60.00 
57.00 
92.00 

3.18 
3.72 
5.35 

17.9 
19.5 
12.8 
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In  this  case,  as  well,  the  urea  index  showed  a  rapidly  progressing  drop,  which 
may  have  been  hastened  by  the  fact  that  the  acidosis  was  not  appreciably  influ- 
enced by  the  alkali.  The  blood  sugar  rose  but  interpretation  of  the  findings  in 
respect  to  it  are  obscured  because  the  patient  had  received  glucose. 

R.  I.  H.  No.  2770,  was  a  boy  aged  9  years.  His  diabetes  was  of  two  years' 
duration.  On  Oct.  28,  1916,  he  was  in  fairly  good  condition  though  the  urine 
showed  some  sugar  and  a  moderate  ferric  chlorid  reaction.  He  entered  the  hos- 
pital two  days  later  on  the  verge  of  coma.  He  lived  for  eight  days,  during 
which  time  he  was  practically  comatose.  At  first  he  was  fasted  and  given  sodium 
bicarbonate  by  mouth.  On  the  seventh  day  he  was  given  two  eggs  and  5  gm. 
of  carbohydrate  in  vegetables.     Tests  for  renal  function  are  given  in  Table  5. 

TABLE    5. — 2 


Weight, 
Kg. 

Urine  per 

24  Hrs., 

C.c. 

Urine 

Index 

Sugar 

Date 

Gm.  per 

Liter 

of  Blood 

Ur 

Gm.  per 

Liter 

of  Urine 

C 

Gm.  per 

24  Hrs. 

D 

Gm.  per 

Liter 
of  Blood 

S 

Gm.  per 

Liter 

of  Urine 

C 

10/31/16 
11/  1/16 

11/  2/16 
11/  3/16 
11/  4/16 
11/  6/16 
11/  7/16 

14.6 
14.4 
14.0 
13.8 
13.3 
13.1 
12.7 

535 
1,200 
1,200 
1,000 
1,500 
1,400 

800 

0.332 

0.763 

1.01 

0.715 

0.630 

0.487 

0.730 

4.20 

2.79 
5.13 
5.00 
4.61 
3.22 
4.34 

2.25 

3.35 
6.16 
5.00 
7.91 
4.50 
3.46 

26.0 

4.3 

3.3 

14.4 

29.0 

29.0 

9.6 

4.55 
2.64 
4.20 
4.11 
5.56 
5.56 
5.00 

4.00 

1.85 
4.55 
5.89 
6.25 
3.65 
9.09 

*  Acetone  bodies  in  blood  and  urine  determined  by  Van  Slyke's  method. 

In  this  case  the  urea  index  fell  at  first  from  26  to  3  and  then  rose  slightly.  On 
the  day  before  death  it  fell  again.  The  blood  sugar  remained  high  with  a  com- 
paratively small  excretion  of  sugar  in  the  urine.  The  alveolar  carbon  dioxid  ten- 
sion was  low  at  first  but  rose,  probably  as  the  result  of  sodium  bicarbonate.  When 
the  sodium  bicarbonate  was  omitted  it  fell  again,  but  returned  toward  normal 
with  food.  The  day  before  death  it  was  33.4  mm.,  which  would  justify  the  con- 
clusion that  acidosis  alone  was  not  sufficient  to  be  fatal. 


Unfortunately  acetone  determinations  were  not  made  in  the  other 
cases.  In  this,  however,  the  findings  are  noteworthy.  The  blood 
acetone  rose  to  tremendously  high  figures  while  sodium  bicarbonate 
was  being  given,  and  diminished  in  the  blood  when  the  drug  was 
omitted  and  food  was  taken.  On  the  other  hand,  the  urinary  excre- 
tion of  acetone  in  no  way  kept  pace  with  the  blood  concentration. 
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It  is  interesting  to  contrast  these  results  with  two  severe  cases  which 
improved  immediately  under  treatment  and  on  which  repeated  tests 
were  made. 

R.  I.  H.  2680  was  a  woman  aged  28  years  with  a  history  of  diabetes  developing 
four  months  before  entry  to  the  hospital.  A  week  before,  she  had  noticed  increas- 
ing polyuria  and  polydipsia  accompanied  by  dyspnea  on  slight  exertion.  Her 
physical  examination  was  negative  except  for  slight  air  hunger.  Her  urine  at 
entry  contained  a  trace  of  albumin,  without  casts  in  the  sediment.  There  was 
much  sugar,  and  a  heavy  diacetic  acid  reaction.  While  under  observation  she 
was  fasted  until  she  became  sugar-free  and  was  then  given  a  diet  sufficiently  low 
in  protein,  carbohydrate  and  fat  to  keep  her  urine  free  from  sugar. 


1  ml  Function. 


Acetone  Bodies  (including 
BeU-hydroxybutyric  Acid)* 

Alveolar 
COi,  Mm. 

g.  per 
1  Cc.  of 
Uood 
A 

Gm.  per 

Liter 

of  Urine 

C 

Gm.  per 

24  Hrs. 

D 

Urinary  Findings 

Remarks 

50.0 

8.00 

4.26 

15.3 

Albumin  and  casts 

259  sodium  bicarbonate 

40.0 

7.91 

9.50 

20.2 

Albumin  and  casts 

69  sodium  bicarbonate 

:60.0 

7.76 

9.32 

30.3 

Albumin  and  casts 

159  sodium  bicarbonate 

■70.0 

7.20 

7.20 

34.7 

Albumin  and  casts 

29  sodium  bicarbonate 

168.0 

4.54 

6.80 

26.8 

Albumin  and  casts 

112.0 

3.84 

5.38 

26.9 

Albumin  and  casts 

Fast  broken 

92.0 

2.18 

1.74 

33.4 

Albumin  and  casts 

Fast  broken 

R.  I.  H.  2475  was  a  boy  aged  26  months.  He  had  been  a  healthy  child  until 
three  weeks  before  entry.  Then  there  had  been  a  gradual  onset  of  polyuria, 
polydipsia,  and  polyphagia.  At  entry  the  child  was  drowsy  and  extremely  ir- 
ritable. His  physical  examination  was  essentially  negative.  lie  was  treated 
by  fasting,  after  feeding  for  one  day,  and  was  then  given  carbohydrates  in  green 
vegetables  to  his  p  >int  of  tolerance.  The  renal  function  tests  on  the  two  cases 
are  grouped  together. 

In  both  cases  the  urea  index  showed  considerable  variation  from 
day  to  day  without  any  progressive  downward  tendency.  Other  non- 
fatal cases  which  have  been  followed  in  similar  fashion  have  shown 
variation  in  the  urea  index  which,  however,  has  usually  remained  well 
above  normal.  Occasional  cases  have  been  encountered  which  have 
shown  temporary  impairment  of  function.  Some  of  these  have  been 
complicated  by  edema  and  one  will  be  described  in  detail  later. 
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These  cases  as  a  whole  demonstrate  two  significant  facts:  Judged 
by  the  urea  index,  kidney  function  in  diabetes  is  usually  normal.  In 
diabetic  coma,  on  the  other  hand,  pronounced  renal  insufficiency  oc- 
curs. This  is  shown  by  a  falling  index  which  tends  to  become  pro- 
gressively lower  as  the  severity  of  the  condition  increases.  Such  func- 
tional derangement  may  be  accompanied  by  an  increase  in  the  blood 
sugar,  with  a  lessened  output,  suggesting  that  other  functions  beside 
that  of  urea  excretion  are  involved.  At  present  the  underlying  cause 
of  this  complication  is  uncertain. 

McLean  has  confirmed  Ambard  and  Weill  as  to  the  laws  of  chlorid 
excretion  in  relation  to  its  blood  concentration  and  has  tabulated 

table  6. 
Case  R.  I.  H.,  2680. 


Weight, 
Kg. 

24  Hr. 
Urine 

Urea, 

Gm.  per 

Liter 

Blood 

Ur 

Index  of 
Excretion 

I 

Sugar 

Date 

Gm.  per 
Liter 
Blood 

s 

Gm.  per  Liter 
Urine 

c 

Gm.  per  24 
Hrs. 

D 

Alveolar 
COj, 
Mm 

10/16/15 

48.0 

2,000 

0.262 

144 

3.00 

16.00 

32.00 

20.1 

10/17/15 

48.4 

2,000 

0.190 

230 

2.70 

14.30 

28.60 

28.7 

10/18/15 

49.5 

6,800 

0.150 

142 

2.62 

3.00 

20.40 

41.4 

10/20/15 

49  A 

2,680 

0.162 

210 

2.33 

3.77 

10.10 

39.5 

11/3/15 

11.8 

1,020 

0.336 

414 

5.70 

43.48 

44.35 

21.8 

11/4/15 

11.8 

1,680 

0.408 

256 

4.65 

32.26 

54.20 

23.6 

11/5/15 

11.7 

600 

0.186 

227 

2.00 

3.70 

2.22 

27  8 

11/6/15 

12.2 

2,300 

0.228 

310 

1.44 

Traces 

Traces 

23.6 

11/8/15 

12.2 

800 

0.262 

230 

1.54 

Negative 

Negative 

29.4 

seventy-two  observations  on  normal  individuals  made  according  to 
the  methods  used  in  the  present  paper.  McLean  has  found  that 
normally  the  plasma  chlorid  varies  between  5.62  and  6.25  gm.  per  liter 
according  to  the  amount  of  salt  ingested.  There  is  a  close  agreement 
between  the  chlorid  calculated  in  the  plasma  by  Ambard  and  Weill's 
constants  and  that  actually  found.  The  maximum  differences  in  nor- 
mal individuals  were,  with  one  exception,  between  0.22  above  the 
calculated  value  and  0.16  below.  In  one  case  the  actual  chlorid  was 
0.38  lower  than  the  theoretical.  Under  pathologic  conditions  rela- 
tively increased  concentration  of  chlorid  occurs  in  certain  types  of 
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TABLE    7. 

Rate  of  Chlorid  Excretion  {Calculated  as  Sodium  Chlorid)  to  Concentration  in  Plasma, 
Arranged  According  to  Rate  of  Excretion  as  Modified  by  Concentration  in  Urine 

and  Expressed  as 


Calculated  Plasma  NaCl  =  5.62  + 


> 


Gm.  per  24Hrs.\/  Cm.  per  Liter 
Wt.  in  Kg.  X  4.23 


u 

U 

u 

'J 

G 
u 
M 

w 

s 

3 

E 

Sodium  Chlorid 

Subject 

ti) 

M 

bo 

o 

i 

a. 

a 
g 

■a 

o 

o 

« 

S 

k  a 

a  •" 

a. 
So 

3 
(S> 

■v 
o 
_o 

n 
3.18 

d 
u 

"o 
> 

< 

0,3 

o 

>* 

a-1 

en 

o 

Gm.  per  Liter  of 
Plasma 

E 

3 

3| 

o 

"e3 

3 

< 

1 

P.  B.  B.  H.  5938 

40.0 

4,800 

0.280 

108 

17.9 

0.20 

0.96 

5.67 

5.56 

-0.11 

2 

P.  B.  B.  H.  6493 

70.6 

3,072 

0.458 

50 

5.65 

23.7 

0.60 

1.85 

5.69 

5.05 

-0.64 

3 

P.  B.  B.  H.  5593 

65.6 

1,500 

0.210 

320 

1.72 

42.5 

1.70 

2.55 

5.73 

6.35 

+0.52 

4 

P.  B.  B.  H.  6353 

30.0 

3,600 

0.736 

36 

4.35 

12.8 

0.60 

2.15 

5.73 

6.25 

+0.52 

5 

R.  I.  H....  2680 

48.0 

2,000 

0.262 

144 

3.00 

20.1 

1.70 

3.40 

5.77 

6.01 

+0.24 

6 

P.  B.  B.  H.  5921 

61.7 

2,880 

0.267 

104 

2.16 

31.6 

2.20 

6.34 

5.81 

6.22 

+0.41 

7 

P.  B.  B.  H.  5975 

64.0 

1,080 

0.377 

138 

1.43 

38.7 

5.10 

5.51 

5.83 

6.31 

+0.48 

8 

P.  B.  B.  H.  6205 

62.4 

1,440 

0.212 

242 

2.08 

41.9 

4.70 

6.77 

5.86 

5.60 

-0.26 

9 

R.  I.  H....  2341 

54.0 

1,694 

0.167 

72 

1.25 

41.0 

4.40 

7.45 

5.88 

5.87 

-0.01 

10 

P.  B.  B.  H.  6364 

64.2 

1,560 

0.265 

139 

1.37 

38.2 

5.10 

7.96 

5.88 

5.87 

-0.01 

11 

P.  B.  B.  H.  5564 

52.3 

3,360 

0.135 

210 

2.30 

37.3 

2.70 

9.07 

5.88 

6.02 

+0.14 

12 

R.  I.  H...  2394 

42.0 

2,800 

0.215 

206 

2.33 

20.2 

2.75 

7.70 

5.89 

5.67 

-0.22 

13 

R.  I.  H....  2457 

52.2 

3,500 

0.152 

550 

2.14 

23.2 

2.90 

10.15 

5.90 

5.26 

-0.64 

14 

R.  I.  H....  2414 

39.8 

1,280 

0.165 

200 

1.67 

47.6 

5.10 

6.52 

5.92 

5.53 

-0.39 

15 

C.A 

60.0 

2,900 

0.222 

305 

2.50 

35.0 

4.20 

12.18 

5.93 

5.31 

-0.62 

16 

Gl 

70.0 

2,240 

84 

1.10 

38.1 

5.50 

12.32 

5.93 

6.03 

+0.10 

17 

R.  I.  H...  2686 

25.8 

2,700 

0.109 

315 

2.00 

41.3 

2.80 

7.55 

5.96 

5.76 

-0.20 

18 

R.  I.  H...  2234 

50.0 

2,000 

0.410 

93 

2.08 

38.2 

5.78 

11.56 

5.98 

5.33 

-0.65 

19 

L.  T 

50.0 

2,540 

0.260 

156 

2.56 

29.6 

5.60 

14.20  6.02 

5.26 

-0.70 

20 

R.  I.  H....  2516 

87.2 

2,997 

0.307 

198 

2.63 

38.8 

7.80 

23.376.04 

6.09 

+0.05 

21 

Dl 

48.7 

2,200 

0.192 

220 

4.35 

36.8 

6.80 

14.96  6  05 

5.32 

-0.73 

22 

R.  I.  H....  2684 

31.7 

6,740 

0.169 

162 

1.37 

42.6 

2.45 

16.50  6.06 

5.45 

-0.61 

23 

Ml 

54.0 

3,840 

0.218 

205 

1.49 

40.8 

5.90 

22.66,6.07 

5.89 

-0.28 

24 

R.  I.  H....  2382 

46.5 

1,740 

0.220 

192 

3.12 

35.8 

8.30 

14.44  6.08 

5.46 

-0.62 

25 

R.  I.  H....  2111 

49.2 

5,400 

0.225 

160 

2.00 

37.8 

4.30 

23.20  6.10 

5.88 

-0.22 

26 

R.  I.  H...  2679 

41.2 

3,400  0.115 

635 

2.86 

43.2 

5.60, 

19.036.13 

5.29 

-0.84 

27 

P.  B.  B.  H.  6032 

48.0 

1,440  0.257 

144 

1.03 

39.1 

12.80 

18.43  6.19 

5.31 

-0.88 

28 

R.I.H....  2469 

50.4 

5,000  0.160 

296 

1.33 

38.9 

6.30 

81.50  6.23) 

5.54 

-0.69 
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cardiac  and  renal  disease  and  usually  accompanies  edema.  Relatively- 
low  concentration  of  chlorid  occurs  in  fevers  and  under  the  influence 
of  diuretics.  There  is  no  connection  between  urea  and  chlorid 
functions. 

As  can  be  seen  from  the  table,  in  the  twenty-eight  cases  of  this 
series  which  were  studied,  the  plasma  chlorid  varied  between 5.05  and 
6.31  gm.  per  liter.  In  eight  cases  the  actual  plasma  chlorid  was  higher 
than  the  calculated,  while  in  the  remaining  twenty  it  was  lower. 
This  confirms  McLean,  who  found  a  similar  lowering  of  the  plasma 
chlorid  in  the  majority  of  his  observations  on  twenty-eight  other  cases 


TABLE  8.— 

to 

i 

Urea 
Index 

Sugar 

Date 

to 

if. 

Diet 

u 
10.00 

Urine 

Urea 

Gm.  per  Liter 
D 

Gm.  per  24 

Hrs. 

C 

Sfr 

6/10/16 

42.0 

Mixed  observation  diet 

2,800 

0.215 

205 

22.20 

62.00 

2.33 

6/12/16 

42.0 

Fasting 

10.00 

2,400 

0.204 

91 

6.20 

14.90 

2.63 

6/13/16 

42.0 

Fasting 

10.00 

1,600 

0.195 

78 

9.40 

15.09 

6/14/16 

42.0 

Fasting 

10.00 

1,900 

0.180 

71 

6.90 

13.10 

6/16/16 

41.6 

Fasting 

10.00 

1,600 

0.215 

83 

12.50 

20.00 

6/26/16 

50.0 

Fasting 

10.00 

4,000 

0.170 

62 

* 

* 

10/  4/16 

47.8 

Mixed  diet 

— 

4,900 

0.262 

210 

Negative 

Negative 

1.22 

*  Heavy  reaction  not  quantitated. 

of  diabetes.  By  comparing  the  rate  of  chlorid  excretion  with  the 
degree  of  acidosis,  the  urea  index  and  the  blood  sugar,  no  interrela- 
tionship could  be  found.  It  would  seem  that  in  diabetes  as  well  as 
nephritis  the  modes  of  excretion  of  urea  and  chlorid  are  independent. 
Studies  were  made  in  three  cases  which  may  throw  light  on  edema 
in  diabetes. 

R.  I.  H.  2394,  was  a  man  aged  31  years.  He  entered  the  hospital  in  March, 
1915,  with  diabetes  of  short  duration.  His  glycosuria  responded  to  fasting  and 
he  was  discharged  sugar-free  on  a  fairly  liberal  mixed  diet.  During  his  first 
stay  in  the  hospital  his  urine  was  albumin-free  and  did  not  contain  casts.  For 
six  months  after  discharge  he  did  well.  Then  he  grew  careless,  ate  a  diet  beyond 
his  tolerance,  so  that  he  showed  sugar  constantly  and  was  on  the  decline.  He  re- 
entered the  hospital  June  9,  1916,  in  poor  condition.  His  physical  examination 
was  negative.  His  urine  contained  sugar  and  diacetic  acid.  There  was  a  trace 
of  albumin  but  no  casts.    The  carbon  dioxid  tension  of  his  alveolar  air  was  21  mm. 
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His  blood  was  strikingly  lipemic.  He  was  fasted  for  nine  days  with  benefit  to 
his  acidosis  and  lipemia,  although  his  glycosuria  persisted.  It  seemed  wise  to 
interrupt  his  fast  for  four  days  by  allowing  a  protein-fat  diet  o'f  1,000  calories. 
During  this  period  he  developed  a  tremendous  edema  so  that  he  looked  like  a 
case  of  chronic  nephritis.  His  color  grew  pasty,  there  was  edema  of  his  eyelids 
and  genitals,  as  well  as  of  his  entire  body. 

A  second  fast  for  three  days  cleared  his  glycosuria.  He  was  then  given  car- 
bohydrates in  the  form  of  green  vegetables  to  the  point  of  tolerance,  and  finally 
a  mixed  diet  of  1,700  calories  containing  85  gm.  of  protein  and  15  gm.  of  carbo- 
hydrate. He  was  discharged  on  this  diet,  sugar-free  and  acid-free.  Repeated 
renal  function  studies  were  made  up  to  and  during  the  edema  formation.  They 
are  shown  in  Table  8. 


R.  I.  H.,  2394. 

Chlorid 

Alveolor 
CO2,  Mm. 

Total  Blood 
Acetone 
Bodiesf 
(Gm.  Ace- 
tone per 
Liter) 

Gm.  per 

24  Hrs. 

D 

Plasma 

Chlorid 

CI 

Calculated 
Plasma 
Chlorid 

Difference 

Urinary  Findings 

7.70 

5.67 

5.89 

-0.21 

20.2 

0.842 

Albumin  trace;  no  casts 

4.17 

5.40 

5.80 

-0.40 

23.0 

0.842 

Albumin  trace;  few  casts 

2.16 

5.35 

5.74 

-0.39 

26.3 

0.854 

Albumin  trace;  few  casts 

2.18 

5.48 

5.73 

-0.25 

30.8 

0.627 

Albumin  trace;  no  casts 

2.08 

5.27 

5.73 

-0.46 

36.2 

0.590 

Albumin  trace;  no  casts 

2.00 

5.58 

5.70 

-0.12 

43.9 

0.270 

Albumin  negative;  no  casts 

— 

6.25 

— 

45.6 

0.060 

Albumin  negative;  no  casts 

B  od  acetone  bodies  determinations  were  made  on  plasma  by   Mariott's  nephelometric 


At  the  first  observation  the  urea  index  was  high  and  the  patient  was  excreting 
chlorid  with  a  plasma  chlorid  lower  than  the  theoretical.  As  soon  as  fasting  be- 
gan the  renal  function  became  abnormal.  This  was  shown  by  a  falling  urea  index, 
a  rising  blood  sugar  with  a  lowering  output,  and  by  a  marked  chlorid  retention 
and  edema.  Acidosis  as  estimated  by  both  the  alveolar  carbon  dioxid  and  actual 
amount  of  acetone  in  the  blood  diminished.  It  was  only  after  the  chlorid  intake 
was  restricted  that  the  condition  improved.  Finally  normal  function  returned. 
The  effect  of  withdrawal  of  salt  on  the  edema  is  shown  graphically  by  the  accom- 
panying chart. 

Two  possible  explanations  of  the  condition  come  to  mind.  One  is 
that  the  acetone  bodies  exert  a  specific  effect  on  the  kidneys.  In  sup- 
port of  this,  there  was  presumably  a  considerable  accumulation  of 
acetone  bodies  in  the  tissues  when  the  edema  was  at  its  height.  Al- 
though the  plasma  bicarbonate  was  normal,  the  plasma  acetone  in- 
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creased,  which,  according  to  Marriott39  and  Sassa,40  shows  that  the 
acetone  content  of  the  organs  was  increased  as  well.  Another  explana- 
tion is  that  the  patient  had  a  true  nephritis  which  cleared  up  under 
treatment.  In  either  event  the  case  illustrates  the  importance  of  fol- 
lowing the  chlorid  balance  in  cases  with  edema. 

Another  factor  of  importance  in  the  development  of  edema  in  dia- 
betes is  the  manner  in  which  the  body  reacts  to  sodium  bicarbonate. 
It  has  been  recognized  that  healthy  individuals  as  well  as  diabetics  will 
develop  edema  after  they  have  taken  continued  large  doses  of  the 
drug.  Widal,  Lemierre  and  Cotoni41  followed  the  output  of  sodium 
chlorid  in  a  patient  who  was  given  a  known  diet,  and  at  the  same  time 
the  body  weight,  the  development  of  edema,  and  its  connection  with 
the  intake  of  sodium  bicarbonate.  They  were  able  to  demonstrate 
that  when  bicarbonate  was  given,  the  excretion  of  chlorid  decreased 
and  edema  occurred.  When  the  bicarbonate  was  discontinued,  an  ex- 
cess of  chlorid  was  excreted  and  the  edema  disappeared.  From  this 
they  concluded  that  bicarbonate  edema  was  not  different  from  other 
edemas  and  depended  on  chlorid  retention.  The  two  cases  reported 
in  Table  9  would  tend  to  confirm  these  observers. 

In  each  case  the  plasma  chlorid  was  lowered  after  the  ingestion  of 
an  alkali,  and,  coincidentally,  the  rate  of  chlorid  excretion  in  the  urine. 
Since  normal  chlorid  excretion  bears  a  definite  relationship  to  the 
plasma  chlorid  content,  any  agent  lowering  the  latter  would  tend  to 
suppress  the  output  of  the  former.  If  large  amounts  of  sodium 
chlorid  were  taken,  and  were  not  excreted  on  account  of  a  plasma 
chlorid  lowered  by  alkali,  edema  would  naturally  result. 

SUMMARY. 

Observations  on  renal  function  were  made  in  a  series  of  cases  of 
diabetes  mellitus.  Urea  excretion  was  studied  by  the  urea  index  of 
McLean.  Chlorid  excretion  in  relation  to  its  concentration  in  the 
blood  plasma  was  studied  by  Ambard  and  Weill's  constants.  In 
addition,  observations  were  made  on  the  effect  on  renal  function  of 
varying  degrees  of  acidosis,  hyperglycemia  and  glycosuria. 

The  urea  index  in  the  majority  of  cases  tended  to  be  normal  or 

39.  Marion:  Jour.  Biol.  Chem.,  1914,  18,  507. 

40.  Sassa:  Biochem.  Ztschr.,  1914,  59,  362. 

41.  Widal,  Lemierre  and  Cotoni:  Semaine  med.,  1911,  31,  325. 
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abnormally  high.  This  was  in  part  due  to  the  rapid  rate  of  water 
elimination  which  characterized  many  of  the  cases.  Such  diuretic 
effect  was  not  dependent  on  acidosis  or  glycosuria,  but  seemed  to  be 
more  or  less  associated  with  hyperglycemia. 
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Graphic  representation  of  the  effect  of  the  withdrawal  of  salt  from  the  diet  on 
the  edema  in  Case  R.  I.  H.  2394. 

The  urea  index  in  six  cases  of  fatal  diabetic  coma  was  abnormally 
low.  Renal  function  appeared  to  become  progressively  worse  as  the 
coma  persisted.  One  patient  had  a  pronounced  accumulation  of  ace- 
tone in  the  blood  plasma  without  a  corresponding  increase  in  excre- 
tion, and  five  patients  showed  a  glycemia  which  seemed  proportionally 
higher  than  the  corresponding  glycosuria.     These  cases  suggest  that 
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fatal  diabetic  coma  is  accompanied  by  impaired  renal  function  in 
which  more  than  one  of  the  kidney's  functions  are  involved.  The 
cause  of  the  complication  is  not  known. 

table  9. 

Sodium  Bicarbonate  on  the  Alveolar  Air,  Plasma  Chlorid  and  Chlorid  Excretion, 

Case  R.  I.  H.y  2680  Calculated  Sodium  Chlorid  in  Plasma. 


Remarks 


Date 

24  Hr. 

Urine 

Rate  of 

Excretion 

Sodium 
Chlorid 
Output 
Rate  of 
Excretion 
in  24  Hrs. 

Plasma 
Chlorid 

Alveolar 
C02 
Mm. 

10/16/15 

2,000 

3.40 

6.01 

20.1 

10/16/15 

4,272 

2.56 

5.68 

33.6 

10/17/15 

2,000 

0.80 

5.85 

28.7 

10/18/15 

6,800 

0.68 

5.37 

41.4 

10/19/15 

2,200 

1.32 

5.58 

30.1 

10/20/15 

2,680 

1.34 

5.26 

39.5 

10/21/15 

5,000 

Traces 

5.23 

44.1 

10/25/15 

4,900 

2.45 

5.82 

39.9 

30  gm.  sodium  bicarbonate 

20  gm.  sodium  bicarbonate 

15  gm.  sodium  bicarbonate 
10  gm.  sodium  bicarbonate 


Case  R.  I.  H.,  2128 


3/20/16 
3/21/16 
3/21/16 
3/22/16 
3/24/16 


5,690 

14.20 

5.93 

23.2 

5,000 

8.40 

5.99 

23.0 

3,000 

2.22 

5.35 

38.6 

4,400 

6.50 

5.89 

39.0 

3,635 

4.82 

5.97 

33.2 

30  gm.  sodium  bicarbonate 


In  diabetes  the  blood  plasma  chlorid  is  usually  lower  than  would  be 
calculated  from  the  chlorid  excretion  according  to  the  formula  of 
Ambard  and  Weill.  This  abnormality  of  excretion  is  not  necessarily 
associated  with  acidosis,  an  abnormal  urea  index,  the  degree  of  gly- 
cemia  or  glycosuria. 

Edema  due  to  sodium  chlorid  retention  may  be  encountered  in 
diabetes.  In  one  case  it  was  accompanied  by  a  falling  urea  index  and 
by  an  increase  of  acetone  in  the  blood  without  acidosis,  as  evidenced 
by  an  abnormally  low  alveolar  carbon  dioxid  tension.  The  edema 
cleared  up  promptly  when  the  sodium  chlorid  intake  was  restricted. 

Edema  following  the  administration  of  sodium  bicarbonate  is  prob- 
ably due  to  sodium  chlorid  retention,  as  the  plasma  chlorid  diminishes 
and  at  the  same  time  the  excretion  of  sodium  chlorid  in  the  urine  is 
lessened  when  the  drug  is  given . 


[Reprinted  from  The  Journal  of  the  American  Medical  Association,  January  5, 1918, 
Vol.  Lot,  No.  1,  pp.  17-19.] 


DETERMINATION  OF  TYPES  OF  PNEUMOCOCCUS  IN 
LOBAR  PNEUMONIA. 

A  Rapid  Cultural  Method. 

By  O.  T.  AVERY,  M.D. 

{From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 

In  view  of  the  fact  that  lobar  pneumonia  is  prevalent  in  military 
camps  in  the  United  States,  and  that  at  present  it  is  impossible  to 
obtain  white  mice  in  sufficient  numbers  for  carrying  out  the  biologic 
tests  necessary  in  the  determination  of  types  of  pneumococcus,  a 
rapid  cultural  method  dispensing  with  the  use  of  these  animals  is  now 
proposed. 

Experience  has  demonstrated  the  importance  of  determining  the 
immunologic  type  of  pneumococcus  concerned  in  the  production  of 
each  individual  case  of  lobar  pneumonia.  A  satisfactory  method  for 
this  consists  in  inoculating  a  white  mouse  intraperitoneally  with  a 
small  amount  of  sputum,  and  in  recovering  the  pneumococcus  by 
cultural  methods  from  the  heart's  blood  after  the  death  of  the  animal. 
The  type  of  pneumococcus  can  be  determined  in  this  way  in  about 
forty-eight  hours.  When  it  became  evident  that  specific  type  pneu- 
mococcus serum  has  distinct  therapeutic  value,  it  was  necessary  to 
devise  a  method  by  means  of  which  the  type  of  infecting  pneumococ- 
cus could  be  determined  in  a  shorter  time.  It  has  been  found  that 
when  a  mouse  is  injected  with  pneumonic  sputum  in  which  other  or- 
ganisms besides  the  pneumococcus  are  present,  the  pneumococci  grow 
quickly,  and  the  contaminating  bacteria  tend  to  disappear,  or  at 
least  to  be  inhibited  in  their  initial  growth.  Pneumococci  and  their 
products  accumulate  so  rapidly  in  the  peritoneal  cavity  of  the  infected 
mouse  that  after  a  few  hours  the  bacterial  exudate,  collected  by  wash- 
ing out  the  abdominal  cavity,  may  be  used  in  the  performance  of 
agglutination  and  precipitin  tests  by  means  of  which  the  specific 
type  of  pneumococcus  can  be  determined,  often  within  from  six  to 
eight  hours.  Eoth  of  these  methods  are  satisfactory,  but  both  require 
the  use  of  white  mice. 

615 


616  A   RAPID   CULTURAL  METHOD 

It  has  long  been  known  that  the  addition  of  carbohydrate,  such  as 
glucose,  and  of  blood  proteins  to  mediums  suitable  for  cultivation  of 
the  pneumococcus  greatly  accelerates  the  initial  growth  of  this  organ- 
ism. It  is  also  known  that  bile  causes  solution  of  the  pneumococcus 
and  possesses  no  lytic  action  for  other  bacteria.  Use  has,  therefore, 
been  made  of  these  facts  in  devising  a  method  for  the  rapid  cultiva- 
tion and  type  determination  of  the  pneumococcus  directly  from  the 
sputum  of  patients  suffering  from  lobar  pneumonia.  These  principles 
are  employed  in  the  following  manner: 

Method. 

A  selected  kernel  of  sputum,  about  the  size  of  a  bean,  is  washed, 
emulsified  in  broth,  and  inoculated  directly  into  a  centrifuge  tube 
containing  about  4  c.c.  of  special  medium — glucose-blood-broth. 
After  incubation  in  the  water  bath  at  37°C.  for  five  hours,  a  blood 
agar  plate  is  streaked  with  a  loopful  of  culture  fluid  for  the  isolation 
of  the  pneumococcus  in  pure  culture  and  the  subsequent  confirmation 
of  type.  The  red  blood  cells  are  then  removed  from  the  culture 
medium  by  slow  centrifugation.  Three  c.c.  of  the  supernatant  bac- 
terial suspension  are  pipetted  into  a  second  centrifuge  tube  containing 
about  1  c.c.  of  sterile  ox  bile  and  allowed  to  stand  in  the  water  bath 
at  37°C.  until  solution  of  the  pneumococcus  bodies  has  occurred,  usu- 
ally about  twenty  minutes.  Five-tenths  c.c.  portions  of  the  bile  so- 
lution of  pneumococcus  are  used  in  precipitin  reaction  by  mixing  with 
an  equal  volume  of  immune  serums.  If  bile  is  not  available,  deter- 
mination of  the  type  of  pneumococcus  may  be  made  directly  on  the 
bacterial  suspension  by  macroscopic  agglutination. 

In  carrying  out  the  method,  attention  should  be  given  to  the  follow- 
ing details: 

1.  Collection  of  Sputum. — Care  must  be  exercised  in  obtaining  a 
specimen  of  sputum  from  the  deeper  air  passages,  avoiding  contami- 
nation with  nasopharyngeal  mucus  and  saliva.  With  proper  super- 
vision it  is  possible  to  obtain  a  small  portion  of  sputum  coughed  up 
directly  from  the  lung.  The  specimen  is  collected  in  a  sterile  con- 
tainer and  sent  to  the  laboratory  at  once.  If,  for  any  reason,  delay 
should  occur  in  the  examination  of  the  specimen,  it  should  be  kept  in 
the  ice  box. 
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2.  Microscopic  Examination. — Direct  films  are  made  from  the 
sputum  and  stained  by  Gram,  Ziehl-Neelsen,  and  Hiss  capsule  stain. 
Microscopic  examination  of  these  preparations  serves  as  a  control, 
giving  a  preliminary  idea  of  the  nature  of  the  organism  present,  and 
the  cleanliness  of  the  specimen  obtained.  A  small  portion  of  sputum 
is  selected  about  the  size  of  a  bean,  and  washed  through  three  or 
four  changes  of  sterile  salt  solution  in  sterile  Esmarch  or  Petri  dishes 
to  remove  surface  contamination.  The  selected  kernel  of  washed 
sputum  is  transferred  to  a  small  sterile  mortar,  ground  up,  and  emul- 
sified with  from  0.5  to  1  c.c.  of  broth,  and  the  whole  inoculated  di- 
rectly into  4  c.c.  of  the  special  medium. 

3.  Special  Medium. — The  basis  of  the  medium  is  meat  infusion 
broth1  0.3  to  0.5  acid  to  phenolphthalein,  sterilized  by  the  Arnold 
method,  that  is,  twenty  minutes  on  three  successive  days  in  order  to 
avoid  excessive  heating.  To  each  hundred  c.c.  of  broth  are  added  5 
c.c.  of  a  sterile  20  per  cent,  glucose  solution,  and  5  c.c.  of  sterile  de- 
fibrinated  rabbit's  blood.  The  final  enrichment  broth  contains  1  per 
cent,  glucose  and  5  per  cent,  blood.  This  medium  is  distributed  in 
small  centrifuge  tubes  in  quantities  of  about  4  c.c.  each. 

4.  Incubation. — The  tube  of  glucose-blood-broth,  after  inoculation 
with  the  emulsion  of  washed  sputum,  is  shaken  and  incubated  in  a 
water  bath  for  five  hours  at  37°C.  This  period  of  incubation  has 
proved  sufficient  in  cases  thus  far  examined  to  produce  an  abundant 
growth  of  pneumococcus  with  a  minimum  growth  of  secondary  organ- 
isms. The  number  of  pneumococci  present  and  the  incubation  time 
required  in  any  given  case  can  be  determined  by  direct  examination 
of  the  culture  fluid. 

5.  Subcultures. — After  incubation,  a  loopful  of  the  sputum  culture 
is  streaked  on  a  blood  agar  plate,  from  which  a  pure  culture  can  sub- 
sequently be  obtained  for  confirmation  of  the  type  of  pneumococcus 
found  by  the  rapid  cultural  method. 

6.  Determination  of  Types  of  Pneumococcus. — Precipitin  Test: 
After  removal  of  the  red  blood  cells  from  the  culture  fluid  by  slow  cen- 
trifugation  (two  minutes  at  low  speed  in  order  to  throw  down  cor- 
puscles, but  not  bacteria),  the  supernatant  bacterial  suspension  is 

1.  Acute  Lobar  Pneumonia,  Monograph  7,  Rockefeller  Institute,  p.  25. 
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pipetted  into  a  second  centrifuge  tube  containing  1  c.c.  of  sterile  ox 
bile.  The  bile  causes  solution  of  the  pneumococcus  bodies,  and  leaves 
unaffected  other  bacteria.  Usually  after  twenty  minutes  at  37°C, 
solution  has  occurred,  and  is  evidenced  by  clearing  up  of  the  bacterial 
turbidity  of  the  culture  fluid.  Other  organisms,  if  present,  being  bile 
insoluble,  may  be  removed  by  centrifugation  at  high  speed.  The 
clear  supernatant  fluid,  containing  the  solution  of  pneumococcus  plus 
whatever  specific  soluble  substance  may  have  been  elaborated  by 
growth  of  the  organism,  is  used  in  performing  the  precipitin  test, 
being  mixed  with  immune  serums  in  quantities  of  0.05  c.c.  each. 

Agglutination  Test:  If  bile  is  not  available,  and  if  other  organisms 
are  not  present  in  sufficient  numbers  to  mask  the  specific  reaction, 
the  type  of  pneumococcus  may  be  determined  directly  by  macro- 
scopic agglutination.  The  sputum  culture  in  glucose-blood-broth  is 
centrifuged  at  low  speed  for  about  two  minutes  to  remove  the  red 
cells  contained  in  the  medium.  The  supernatant  bacterial  suspension 
is  mixed  with  immune  serums  in  quantities  of  0.5  c.c.  each,  and 
incubated  in  water  bath  at  37°C.  for  one  hour. 

As  various  lots  of  immune  serum  differ  in  agglutinin  and  precipitin 
content,  the  dilution  of  serum  required  to  assure  specificity  and  the 
optimal  concentration  that  will  surely  identify  all  type  strains  may 
vary.  In  view  of  this  fact,  it  is  well  in  employing  the  dilutions  recom- 
mended2 to  use  only  serums,  the  agglutinin  titer  of  which  has  previ- 
ously been  determined. 

EXPERIMENTAL. 

The  sputums  of  sixty  patients  suffering  from  lobar  pneumonia  due 
to  various  types  of  pneumococcus  have  been  studied.  Pneumococcus 
Type  I  was  recovered  in  21  instances,  Type  II  in  10,  Type  II,  atypi- 
cal in  5,  Type  III,  in  4,  and  Type  IV  in  20  instances.  To  establish 
the  reliability  of  the  method,  parallel  determinations  of  the  infecting 
type  of  pneumococcus  have  been  made  in  every  instance  by  mouse 
inoculation  and  by  the  rapid  cultural  method.  The  results  by  the 
method  described  have  corresponded  in  all  cases  with  those  obtained 
by  the  intraperitoneal  inoculation  of  mice.  In  three  instances,  how- 
ever, disagreement  occurred  on  the  first  examination,   the  mouse 

2.  Acute  Lobar  Pneumonia,  Monograph  7,  Rockefeller  Institute,  p.  23. 
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method  yielding  pneumococcus  Type  I,  while  the  direct  culture 
method  showed  in  each  case  Type  IV.  Examination  of  a  second 
specimen  of  the  sputum  in  these  three  cases  yielded  results  in  agree- 
ment with  those  obtained  by  mouse  inoculation.  In  the  repetition  of 
these  tests,  care  was  exercised  in  the  selection  and  washing  of  the 
sputum,  precautions  that  were  purposely  not  taken  in  the  first  in- 
stance, in  order  to  test  the  general  applicability  of  the  new  method. 
From  the  results  thus  far  obtained,  therefore,  it  would  seem  that  the 
possible  inaccuracies  of  this  method  are  reduced  to  a  minimum  of 
error  by  attention  to  the  details  of  technic.  Care  in  the  collection 
of  sputum  from  the  deeper  air  passages  with  the  avoidance  of  saliva, 
selection  of  a  purulent  kernel  of  such  sputum,  thorough  rinsing  in 
salt  solution,  and  grinding  in  a  mortar  facilitate  removal  of  surface 
contamination  with  mouth  organisms,  and  serve  to  free  the  patho- 
genic type  of  pneumococcus  from  the  center  of  the  sputum  mass. 

Healthy  persons  in  from  50  to  60  per  cent,  of  instances  are  known 
to  harbor  pneumococci  in  their  mouth  secretions,  and  these  organisms 
have  been  found  in  most  instances  to  belong  to  Type  IV.  Normal 
persons  who  habitually  carry  a  Type  IV  pneumococcus  with  impunity 
may  acquire  pneumonia  due  to  infection  with  organisms  of  the  more 
pathogenic  Types  I  or  II.  This  circumstance  would  seem  at  first 
glance  to  complicate  the  differential  diagnosis  of  the  infecting  type  of 
pneumococcus  even  by  the  most  accurate  method  available,  namely, 
mouse  inoculation.  Experience  and  experimental  evidence  have 
shown,  however,  that  in  such  instances  the  disease-producing  type  of 
pneumococcus,  by  virtue  of  its  greater  invasiveness  for  animal  tissues, 
rapidly  outgrows  the  less  pathogenic  variety,  and  is  therefore  readily 
demonstrated  in  the  peritoneal  exudate  and  heart's  blood  of  the 
infected  mouse.  On  the  other  hand,  the  special  medium  devised  for 
the  rapid  cultural  method  is  independent  of  the  virulence  of  pneu- 
mococcus, and  exhibits,  therefore,  no  selective  affinity  for  disease- 
producing  types.  To  this  fact  may  be  attributed  the  discrepancies 
described  above,  and  on  account  of  this  fact,  special  precautions  in 
technic  are  required.  The  short  incubation  time  requisite  for  abun- 
dant growth  of  the  pneumococcus  in  glucose-blood-broth,  and  the  pre- 
cautions already  described  in  the  selection  of  a  suitable  specimen  of 
sputum,  serve  to  limit  to  a  considerable  extent  the  growth  of  second- 
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ary  organisms.  The  specificity  of  the  method  has  been  enhanced 
further  by  the  utilization  of  the  solvent  action  of  bile,  a  bacterial 
phenomenon  peculiar  to  the  pneumococcus  alone. 

In  many  instances,  the  type  of  infecting  pneumococcus  has  been 
determined  more  rapidly  by  the  direct  cultural  procedure  than  by 
the  technic  of  mouse  inoculation.  This  new  method,  however,  is 
presented  to  meet  an  emergency.  When  mice  are  available,  the  orig- 
inal procedure  should  still  be  employed.  Only  further  experience  can 
show  whether  or  not  the  direct  cultural  method  is  the  one  of  choice. 


[Reprinted  from  the  Journal  of  the  New  York  Entomological  Society,  September, 
1917,  Vol.  xxv,  No.  3,  pp.  149-163.] 


NOTES  ON  THE  EARLY  STAGES  OF  CHRYSOPS 
(DIPTERA,  TABANID.E.) 

By  WERNER  MARCHAND . 

{From  the  Department  of  Animal  Pathology  of  The  Rockefeller  Institute  for  Medical 
Research,  Princeton,  N.J.) 

Of  the  34  species  of  chrysops  known  to  occur  in  the  state  of  New 
Jersey,  11  were  found  in  Princeton;  these  were  the  following  species:1 

1.  Chrysops  niger  Macq.     Basin,  July  4,  5. 

2.  Chrysops  obsoletus  Wied.     Greenhouse  near  Guyot  Hall,  July  8, 

12;  August  26. 

3.  Chrysops  fallax  0.  S.     Genetics  Garden.  July  6,  8. 

4.  Chrysops  callidus  O.  S.     Very  common.     Pond  near  Guyot  Hall; 

greenhouse;  Lake  Carnegie;  Plainsboro,  June;  July  4,  6,  8.  14, 
15,  20. 

5.  Chrysops  hinei  Daecke.     Near  Guyot  Hall,  July  4. 

6.  Chrysops  univittatus  Macq.     Carnegie  Lake;  Plainsboro,  July  7, 

8,  14,  20,  23. 

7.  Chrysops   lugens   v.    morosus   Wied.     Basin;    Genetics    Garden, 

June  30;  July  8. 

8.  Chrysops  montanus  O.  S.     Genetics  Garden,  July  6,  15. 

9.  Chrysops  striatus  Wied.     Princeton  July  8;  August  20,  23. 

10.  Chrysops  vittatus  Wied.     Genetics  Garden,  July  25. 

11.  Chrysops  mcechus  O.  S.     Princeton,  July  4. 

All  the  adult  specimens  obtained  were  9  9  ,  except  the  one  and  only 
specimen  of  C.  mcechus,  which  was  a  o71 .  The  individuals  were  col- 
lected partly  while  attacking  the  collector,  partly  from  windows  of  the 
greenhouse,  Guyot  Hall  and  the  vivarium  of  Princeton  University, 
partly  in  the  act  of  egg-laying  and  on  flowers  and  bushes.  One 
female  C.  callidus  was  taken  in  the  evening  of  July  14,  on  a  flower  of 
milkweed  (Asclepias). 

1  To  these,  Chrysops  uler  O.  S.  has  to  be  added,  which  is  quite  common,  but  was 
overlooked  in  1915,  as  its  time  of  appearance  does  not  extend  into  July. 

621 


622  EARLY   STAGES    OF    CHRYSOPS 

The  species  were  identified  with  the  aid  of  the  collections  deposited 
in  the  New  Brunswick  Agricultural  Experiment  Station  and  the 
Academy  of  Science  in  Philadelphia.  The  writer  here  takes  the  oc- 
casion to  thank  Dr.  Thomas  Headlee,  of  New  Brunswick,  and  Messrs. 
E.  T.  Cresson  and  Dr.  Henry  Skinner,  of  Philadelphia,  for  their 
help.  For  material,  I  am  indebted  to  Dr.  Theobald  Smith  for  speci- 
mens of  Chrysops  from  New  Hampshire,  and  to  Mr.  Macy,  who  was 
in  charge  of  the  Guyot  Hall  greenhouse,  and  who  collected  consider- 
able numbers  of  the  flies.     Others  were  collected  by  boys. 

The  Egg-Laying  Habits  of  Chrysops. 

Hart  (1895)  has  described  the  egg-laying  habits  of  Chrysops  moerens 
Walker  (syn.  cestuans  Meigen).  Hine  (1903)  describes  the  egg-laying 
habits  of  C.  callidus  O.  S.  Part  of  these  observations  have  been  dup- 
licated by  the  writer,  since  at  the  time  when  the  observations  were 
made  the  literature  was  not  at  hand,  but  as  our  knowledge  in  general 
is  still  very  incomplete,  the  following  notes  may  add  some  detail  to 
the  results  previously  recorded. 

Observations  could  be  made  on  Chrysops  callidus  and  one  other 
species  of  Chrysops,  which  could  not  be  fully  determined,  since  only  the 
eggs  were  found,  and  no  specimen  was  caught  in  the  act  of  laying. 
This  species  was  probably  C.  unvittatus.  It  is  of  interest  that  the 
appearance  of  the  egg-cluster  in  this  species  is  very  different  from 
that  in  C.  callidus  and  the  other  species  observed. 

Chrysops  callidus  is  found  ovipositing  near  ponds  and  streams  on 
semi-aquatic  weeds,  chiefly  in  the  morning  hours  till  after  11  o'clock, 
from  the  latter  part  of  May  to  the  end  of  July.  In  oviposition,  the 
females  alight  on  a  leaf  or  reed,  head  pointing  downward,  and  pro- 
ceed to  lay  while  moving  slowly  in  a  downward  direction  (Plate  X, 
fig.  1).  The  eggs  are  laid  in  a  cohesive  mass  or  cluster,  usually  on 
the  under  side,  seldom  on  the  upper  side  of  leaves,  a  difference  which 
is  not  marked  in  the  case  of  vertically  growing  plants,  such  as  Typha, 
Sparganium,  etc.  They  are  usually  found  at  a  height  of  6  inches  to 
2  feet  above  the  surface  of  the  water,  never  on  plants  which  grow  at 
any  great  distance  from  the  water.  It  seems  that  in  the  choice  of  its 
laying-place  the  female  is  somehow  attracted  by  the  sight  of  the  re- 
flecting water-surface. 
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The  plants  on  which  the  eggs  are  found  deposited  are  ot  a  great 
variety,  including  Pontederia  cordata,  Nuphar  spec,  Peltandra  (Aroi- 
dece),  Typha  latifolia  and  angustifolia,  Acorns  calamus,  various 
Graminece,  Polygonacece  and  Equisetum  sp.  No  special  preference 
was  shown  for  any  of  these,  except  that  where  Typha  was  most 
abundant  the  eggs  were  nearly  all  found  on  Typha;  while  where  Pon- 
tederia was  common  there  seemed  to  be  more  egg-masses  on  Ponte- 
deria than  on  any  other  plant.  Most  of  the  egg-masses  seen  in  the 
field  certainly  belonged  to  C.  callidus,  but  it  is  not  impossible  that 
some,  while  not  differing  in  appearance,  may  belong  to  other  species 
of  Chrysops.  The  Chrysops  egg-masses  were  never  found  on  wood  or 
on  stones;  the  species  show  a  decided  preference  for  laying  on  plants. 
The  egg-laying  instinct  is,  therefore,  apparently  determined  by  two 
factors:  the  presence  of  water  and  the  presence  of  plants  growing 
above  its  surface.  The  egg-masses  appear  much  less  numerous  in 
places  like  Plainsboro,  where  considerable  areas  are  of  a  swampy 
character,  evidently  because  the  conditions  for  oviposition  are  here 
evenly  distributed.  In  places,  however,  where  the  swamp-vegeta- 
tion has  been  artificially  removed,  as  in  the  case  of  Lake  Carnegie  and 
of  the  little  pond  near  Guyot  Hall  (Princeton  University  grounds), 
the  plant  growth  is  developed  only  at  the  edges  and  it  is  on  these 
alone  that  the  conditions  for  oviposition  are  found.  This,  perhaps, 
accounts  for  the  large  numbers  in  which  the  Chrysops  are  ovipositing 
here  and  this  phenomenon  provides  a  favorable  opportunity  for  the 
study  of  their  life-history. 

The  time  of  oviposition  is,  in  Chrysops  callidus,  the  morning,  from 
8  to  12  o'clock;  and  the  largest  number  is  found  ovipositing  between 
10  and  11  o'clock.  Only  very  exceptionally  I  found  C.  callidus  ovi- 
positing at  4  o'clock  in  the  afternoon.  The  habit  of  laying  in  the 
forenoon  differentiates  it  sharply  from  the  other  species  observed 
which  lay  in  the  late  afternoon.  The  eggs  are  creamy  white  at  first, 
and  fresh  egg-masses  are  easily  recognized  by  their  color,  but  in  the 
course  of  a  few  hours  the  color  changes  first  to  gray  then  to  shining 
black,  and  the  majority  of  the  egg-masses  found  are  of  this  color. 

The  egg-masses  or  egg-clusters  in  Chrysops  callidus  are  elongate 
in  shape  and  much  flattened,  tapering  at  both  ends,  especially  so  at 
the  upper  end;  the  lower  half  may  be  abruptly  truncate.     Each  clus- 
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ter  consists  of  a  single  layer  of  eggs  (as  Hart  has  previously  stated), 
which  are  regularly  arranged  in  oblique  rows:  their  whole  arrangement 
being  like  that  of  shingles  on  a  roof,  with  the  difference  that  the  lower 
eggs  overlap  the  upper  ones  to  about  three  quarters  of  their  length; 
hence  the  arrangement  is  precisely  the  opposite  of  what  one  should 
expect  if  the  intention  were  to  prevent  rain  water  from  penetrating 
between  the  eggs.  However,  the  whole  mass,  especially  when  a  few 
days  old,  presents  an  almost  perfectly  even  surface,  and  full  protec- 
tion against  moisture  is  afforded  by  a  thin  shining  outer  layer  or  mem- 
brane, which  seems  to  be  a  secretion  of  the  eggs  themselves  covering 
the  whole  mass  soon  after  oviposition  is  completed.  It  is  only  after 
piercing  this  membrane  that  individual  eggs  can  be  removed  from 
the  cluster.  (See  plate  X,  fig.  2.  which,  however,  represents  an  egg- 
cluster  of  a  somewhat  irregular  shape.) 

The  egg-cluster  may  contain  from  250-300  eggs  (actual  counts 
gave  277  in  one  case,  260  in  another).  The  single  egg  (Plate  X,  fig. 
3),  is  spindle-shaped,  tapering  at  both  ends,  but  more  so  at  the  hind 
end,  by  which  it  is  attached  to  the  surface.  After  oviposition,  it  is 
at  first  semitransparent,  and  contains,  in  its  upper  third,  an  opaque 
whitish  mass,  apparently  yolk.  This  yolk  chiefly  determines  the 
whitish  appearance  of  the  cluster. 

The  arrangement  of  the  eggs  in  the  cluster  is,  of  course,  the  result 
of  the  special  manner  in  which  the  eggs  are  deposited  by  the  female. 

In  the  act  of  laying,  the  adult  fly  sits,  as  stated,  always  head  down- 
wards on  the  stem  or  leaf  of  the  plant  selected,  and  begins,  after  re- 
peatedly trying  out  various  places,  by  placing  one  egg  about  in  the 
middle  of  the  leaf  (Typha);  it  then  places  a  second  egg  on  the  side  of 
this,  but  a  little  farther  down.  Evidently  the  fly  first  touches  the 
first  laid  egg  with  the  tip  of  the  abdomen,  and  then  moves  the  abdo- 
men slightly  downwards,  by  a  movement  which  depends  on  or  is 
determined  by  the  resistance  found  in  touching  the  first-laid  egg.  The 
fly  then  proceeds  to  lay,  beginning  from  the  outer  edges  of  the  egg- 
cluster  obliquely  downwards  towards  the  lower  end.  Having  reached 
this,  the  abdomen  finds  no  resistance  to  its  movements,  hence  it  is 
withdrawn  upwards,  and  a  new  series  of  eggs  is  laid  parallel  to  the 
former,  or,  more  frequently,  the  abdomen  is  shifted  to  the  other  side 
of  the  cluster,  and  here  the  following  row  is  laid.     Sometimes  the 
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fly  alternates  regularly  between  the  right  and  left  side  01  the  cluster, 
sometimes  she  may  lay  two  or  three  rows  of  eggs  on  one  side,  ending 
near  the  middle  of  the  cluster  at  the  lower  extremity.  During  ovipo- 
sition, the  female  fly  is  rather  quiet,  and  a  leaf  or  stem  may  be  taken 
from  the  field  to  the  laboratory  together  with  the  egg-laying  fly,  as 
Hine  has  already  stated.  After  about  three-quarters  of  an  hour  the 
egg-mass  is  completed,  and  the  fly  darts  off  suddenly.  If  disturbed, 
however,  the  flies  often  leave  in  the  middle  of  the  act  of  oviposition. 
An  egg-mass  once  abandoned  is  never  completed,  as  the  fly  does  not 
return  to  the  same  leaf,  and  evidently  has  no  means  for  rinding  her 
egg-mass  again,  and  no  instinct  of  looking  for  it.  Flies  which  in  a 
glass  jar  in  the  laboratory  had  continued  to  lay  never  started  laying 
again  if  they  once  had  been  disturbed  and  caused  to  leave  their  egg- 
clusters,  but  acted  like  other  captive  Chrysops,  which  I  could  never 
induce  to  deposit  any  eggs. 

In  one  case  only,  a  female,  having  been  disturbed  in  the  occupation 
of  laying,  and  having  paused  for  a  few  minutes,  started  again  with 
movements  of  the  abdomen,  evidently  in  the  intention  to  continue 
laying.  However,  having  changed  its  position  on  the  leaf  but  slightly, 
it  could  not  reach  the  egg-mass  any  more  with  the  tip  of  the  abdomen; 
and  after  continuing  for  awhile  to  press  the  abdomen  against  various 
places  on  the  leaf,  as  if  in  search  for  the  egg-mass,  it  gave  up  and 
left.  Apparently  for  each  female  it  takes  a  long  preparation  until  a 
suitable  place  to  lay  the  first  egg  is  found,  while  to  continue  the  egg- 
laying  act  the  presence  of  previously  laid  eggs  is  necessary. 

Since  many  females  of  Chrysops,  in  nature,  leave  the  egg-mass 
before  it  is  completed,  many  of  the  clusters  have  only  their  upper 
half  complete,  while  the  lower  half  ends  more  or  less  obliquely  trun- 
cate or  "diamond-shaped"  (Hine). 

I  have  described  the  eggs  of  Chrysops  callidus,  above  and  recall 
that  the  white  coloration  of  the  fresh  egg-clusters  is  due  to  the  pres- 
ence of  yolk  in  the  upper  half  of  the  otherwise  semi-transparent  egg. 
However,  soon  after  oviposition  is  terminated  the  color  of  the  eggs 
begins  to  change  and  to  turn  into  a  mottled  grey,  thence  to  shining 
black.  This  process  can  be  easily  watched  under  a  strong  lens.  It 
is  seen  that  the  black  color  appears  at  first  in  the  upper  half  of  the 
egg  on  that  side  which  corresponds  to  the  dorsal  side  of  the  embryo 
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and  in  the  shape  of  a  symmetrical  spot  with  several  branches  reach- 
ing backward  about  to  the  middle  of  the  egg  (Plate  X,  fig.  6).  In 
this  stage  the  beginnings  of  the  embryonic  development  may  be  seen 
in  the  lower  part  of  the  egg.  In  about  two  to  three  hours,  often 
sooner  for  in  one  instance  only  one  hour  was  required,  the  entire 
egg  has  turned  black.  In  Chrysops  callidus,  therefore,  it  is  not  pos- 
sible to  make  any  direct  observations  upon  embryonic  development. 
The  eggs  of  another  species  which  I  found  remain  transparent  and 
afford  an  excellent  object  for  such  observations. 

The  duration  of  embryonic  development  until  hatching,  is,  in  C. 
callidus,  about  five  days.  Eggs  laid  on  July  6,  1916,  at  11  A.  M., 
were  found  hatched  on  July  11,  at  12  o'clock,  but  had  probably 
hatched  in  the  preceding  night  or  early  in  the  morning.  Eggs  laid 
on  July  20,  at  3:30  P.M.,  were  found  hatched  on  July  25,  at  11  P.M. 

The  time  of  hatching  is  almost  invariably  in  the  evening  soon  after 
sunset  or  later.  Times  of  hatching  recorded  were  7:10  P.M.,  8 
P.M.,  on  July  6,  1915;  9  P.  M.,  on  July  12;  1150  P.M.,  on  July  25; 
8:30  A.  M.,  on  July  13;  and  between  11  P.  M.,  and  9  A.  M.,  on  August 
7-8.  In  one  case  at  least  the  larvae  were  observed  to  hatch  in  the 
morning,  at  8:30.  Although  watched,  none  was  seen  hatching  dur- 
ing daytime. 

The  act  of  hatching  itself  is  not  without  interest.  In  most  cases 
all  the  larvae  hatch  at  about  the  same  time,  each  one  leaving  the  egg 
through  its  upper  pole,  and  the  black  surface  of  the  clusters  is  sud- 
denly seen  covered  with  a  whitish  wriggling  mass.  A  number  of 
single  larvae  may  hatch  somewhat  later  and  the  whole  process  may 
take  a  quarter  of  an  hour.  The  larvae  are  very  active  and  decidedly 
thigmotactic,  clinging  to  each  other  and  forming  masses  or  lumps, 
which  soon  loose  their  hold  on  the  smooth  surface  of  the  cluster  and 
drop  to  the  ground  or,  under  normal  conditions,  into  the  water. 

It  was  found  that  it  is  absolutely  vital  for  the  young  larvae  to 
reach  water  soon  after  hatching.  Larvae  which  were  allowed  to  drop 
on  a  sheet  of  paper  would  crawl  about  for  a  short  while,  but  an  hour 
later  all  had  died.  Efforts  to  bring  them  back  to  life  by  placing 
them  in  water  proved  fruitless. 

Reaching  the  water  under  normal  conditions,  the  Chrysops  larvae 
at  once  sink  to  the  bottom ;  the  lumps  are  dissolved  and  each  larva 
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moves  about  with  a  slow  wriggling  movement.  The  young  larvae 
measure  about  1  mm.  in  length.  They  are  at  first  positively  photo- 
tropic,  and  the  majority  of  them  congregate  on  that  side  of  the  jar 
which  is  turned  towards  the  light.  This  tropism  is  reversed  after 
the  first  molt  and  it  is  evidently  then  that  the  larva?  burrow  into  the 
mud,  where  they  seem  to  spend  the  rest  of  their  life  until  pupation. 

Description  of  the  Larva  of  C.  callidus. 

The  young  larvae  were  placed  in  small  glass  jaft  with  a  small  quan- 
tity of  mud  and  aquatic  plants.  Young  crushed  dragonfly  and  Chir- 
onomus  larvae  were  given  as  food.  Their  growth,  however,  was  very 
slow  and  I  did  not  succeed  in  keeping  them  alive  much  longer  than 
after  the  first  molt.  This  was  partly  due  to  the  difficulty  of  furnishing 
them  a  suitable  food  supply  and  at  the  same  time  keeping  the  water 
pure  and  rich  in  oxygen,  as  the  presence  of  decaying  material  seems 
fatal.  I  will,  however,  give  here  a  description  of  the  young  larvae,  as 
they  have  never  been  described  in  any  species  of  Chrysops.  Concern- 
ing the  larval  stages  of  this  genus,  we  had  up  to  very  recently  only 
the  description  of  the  full-grown  larva  of  Chrysops  vittatus,  by  C.  W. 
Hart  (1895).  It  will  be  seen  that  even  the  very  young  larvae  of 
Chrysops  show  very  marked  peculiarities  which  permit  us  to  differ- 
entiate them  from  young  larvae  of  Tabanus,  at  least  those  which  I 
had  under  observation. 

All  Tabanid  larvae  are,  as  we  know  well,  comparatively  uniform  in 
structure,  hence  repetition  in  description  is  to  some  extent  inevitable. 
The  young  larvae  of  Chrysops  callidus  are  about  1  mm.  in  length, 
elongate,  tapering  at  both  ends,  with  tracheae  not  yet  filled  with  air 
and  prolegs  not  exserted,  consequently  presenting  a  more  or  less 
even  surface.  Their  color  is  grayish  white  (Plate  X,  fig.  4).  The 
body  has  twelve  segments,  the  head  is  small,  pointed,  blackish  brown 
in  color  and  highly  chitinized.  The  prolegs  or  parapodia  are  visible 
as  small  knobs  on  the  fourth,  fifth,  sixth,  seventh,  eighth,  ninth,  and 
tenth  segments,  two  pairs  on  each  of  these  segments,  forming  two 
pairs  of  rows,  one  lateral  and  one  ventral.  On  the  dorsal  side  of  the 
second  segment  a  pair  of  black  ocelli  are  visible  which  in  reality  lie 
not  on  the  upper  surface  of  this  segment  but  underneath  it  on  the 
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upper  side  of  the  pharynx  which,  with  the  head  and  mouth,  is  re- 
tractile. The  eyes  are  moved  forwards  and  backwards  with  the  phar- 
ynx, so  as  to  lie  apparently  sometimes  in  the  second  and  sometimes  in 
the  third  segment  of  the  body.  Similarly  located  at  the  hind  end  of 
the  body  and  situated  on  the  dorsal  side  of  the  tenth  or  eleventh  seg- 
ment lies  the  "organ  of  Graber,"  to  be  spoken  of  later,  visible  as 
two  small  black  dots.  The  twelfth  segment  is  terminated  obtusely 
in  the  newly  hatched  larva  (Plate  X,  fig.  4). 

First  Molt. — Only  a  few  hours  after  hatching  the  larvae,  placed  in 
water,  begin  to  molt.  The  act  of  molting  was  observed  repeatedly 
and  the  presence  of  larval  skins  in  the  water  indicates  that  it  has 
taken  place.  Plate  X,  fig.  5,  shows  an  individual  in  the  act  of  molting. 
This  first  molt  has  not  been  noticed  in  Tabanid  larvae,  nor  by  Mitz- 
main,  who  has  given  some  attention  to  the  subject  of  molts. 

Description  of  Larva  After  First  Molt. — After  the  first  molt  the 
larvae  are  more  slender  and  slightly  longer  than  before.  The  pro  legs 
are  now  more  in  evidence,  protruding  at  right  angles  from  the  body- 
surface,  and  the  crawling  movements  become  much  more  energetic 
(Plate  X,  figs.  7  and  8).  In  the  structure  of  the  head  no  important 
changes  could  be  noticed;  of  these  structures  and  of  the  mouth  parts 
and  antennae,  a  more  detailed  illustration  is  given  (Plate  XI,  fig.  3). 
Hart  gives  as  difference  between  Chrysops  and  Tabanus  larvae  the  rela- 
tive length  of  the  last  and  second-to-the-last  antennal  joints;  this  char- 
acter could  so  far  not  be  verified  with  certainty  in  this  young  stage. 
A  very  good  character  which  seems  to  separate  at  least  those  Chrysops 
and  Tabanus  larvae  which  I  had  under  observation  is  found  in  the 
tracheation.  The  main  tracheal  trunks  of  the  young  larva  of  C.  callidus 
are  relatively  slender  and  narrow,  being  between  one-eighth  or  one- 
tenth  of  the  abdominal  diameter  in  width,  while  in  the  young  Taba- 
nus larva  the  tracheal  trunks  are  of  much  wider  diameter.  In  the 
Chrysops  larva,  the  diameter  of  the  main  tracheal  trunks  remain  the 
same  throughout  their  entire  length,  while  in  Tabanus  they  are  much 
more  inflated  in  the  posterior  half  of  the  body  than  in  the  anterior 
(Plate  XI,  figs.  1  and  2). 

The  tracheae  are  dark  or  shining  silvery -white,  according  to  the 
light,  and  are  filled  with  air.  The  two  main  stems  converge  towards 
the  end  of  the  body,  where  they  terminate  in  a  sharp  acuminate  tail 
(fig.  8). 
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Description  Summarized. — Body  spindle-shaped,  12-segmented, 
slightly  above  1  mm.  in  length;  general  color  grayish  white,  semi- 
transparent.  Head  retractile ;  mouth  parts  small,  dark  brownish,  chiti- 
nized;  eyes  situated  on  pharynx,  black.  Last  segment  ending  in  an 
acuminate  tail,  on  the  base  of  which  are  two  bristles  on  each  side. 
Segments  4-10  with  two  pairs  of  ventral  and  two  pairs  of  lateral  pro- 
legs;  the  latter  armed  with  short  stiff  bristles  pointing  backward 
(Plate  XI,  fig.  5).  Intestine  straight,  except  in  the  middle  region  of 
the  body.  Main  tracheal  trunks  parallel  in  the  posterior  half  of  the 
body,  while  in  the  anterior  half  forming  two  large  semicircular  loops, 
ending  in  the  region  of  the  fourth  segment,  and  here  dividing  up  into 
small  tracheae.  Chitinous  surface  striated  as  seen  in  Plate  XI,  figs. 
4  and  5,  Graber's  organ  consisting  of  a  capsule  containing  only  one 
pair  of  black  pedunculate  bodies. 

Movements  of  the  Larva. — These  are  carried  out  in  the  following 
way:  the  larva  presses  the  prolegs  against  the  surface  on  which  it 
moves,  then  drives  the  main  mass  of  the  body  through  them  by  means 
of  contractions  in  the  posterior  half  of  the  body,  while  the  intestine 
is  protruded  forwards  and  the  head  exserted.  Then  the  prolegs 
abandon  their  attachment,  and  seem  to  be  moved  forward  by  the 
elasticity  of  the  body  to  which  they  are  attached. 

Activities  of  the  Larva. — The  larvae  were  kept  in  small  dishes  with 
water  and  some  aquatic  plants.  In  water  without  special  care  they 
perished  in  less  than  a  week;  when  fed  and  taken  care  of,  they  lived 
slightly  longer.  As  food,  crushed  dragonfly  larvae,  mosquito  larvae, 
crushed  small  caterpillars  were  given  and  accepted.  However,  their 
numbers  always  rapidly  diminished.  This  is  partly  accounted  for  by 
their  cannibalistic  tendencies.  Mitzmain  states  that  larvae  of  Taba- 
nus  striatus,  even  if  other  food  was  offered,  preferred  their  own  kind 
to  any  other  food  given.  Another  difficulty  was  to  keep  the  water  in 
small  jars  free  from  putrefaction.  For  this  purpose  green  plants 
(Elodea,  Myriophyllum)  were  given,  but  these  plants  decayed,  and 
the  larvae  perished.  Mud  seems  necessary  for  the  larvae  to  burrow 
into,  but  renders  their  observation  impossible.  With  a  proper 
method,  however,  it  should  not  be  difficult  to  raise  Chrysops  larvae, 
and  a  new  attempt  will  be  made  in  the  coming  season. 
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Chrysops  Spec. — On  July  7,  1916,  6  P.  M.,  a  Chrysops  was  seen 
ovipositing  on  the  under  side  of  a  leaf  of  Nuphar  (yellow  pond-lily), 
the  leaves  of  which  often  protrude  above  the  surface  of  the  water,  on 
the  north  shore  of  Carnegie  Lake,  near  the  Princeton  University  boat- 
house.  Unfortunately  the  specimen  escaped,  but  it  was  undoubtedly 
a  Chrysops  of  rather  dark  appearance,  probably  either  C.  univittatus , 
which  is  dark  and  next  most  common  to  C.  callidus,  or  C.  lugens  v. 
morosus,  or  possibly  C.  niger.  Specimens  caught  near  this  place  be- 
longed to  C.  univittatus.  The  egg-mass  was  collected  and  was  very 
different  in  appearance  from  that  of  C.  callidus.  On  careful  search 
five  such  egg-masses  were  found,  four  on  the  under  side  of  Nuphar 
leaves,  one  on  the  under  side  of  a  pontederia  leaf  nearby.  As  eggs 
of  this  kind  were  found  nowhere  else,  it  seems  that  the  species  has  a 
predilection  not  only  for  Nuphar  but  also  for  the  particular  spot  where 
these  eggs  were  found. 

The  egg-clusters  (Plate  XII,  figs.  1  and  2)  differ  from  those  of 
Chrysops  callidus  and  the  other  species  in  which  the  oviposition  has 
been  described  by  the  arrangement  of  the  eggs,  which  are  elongate  as 
in  the  other  species  but  placed  with  the  hind  end  almost  at  right  angle 
on  the  leaf-surface,  one  close  to  the  other,  so  as  to  form  a  sort  of 
elevated  layer,  the  vertical  thickness  of  which  corresponds  to  the 
length  of  the  eggs  and  the  even  surface  of  which  is  formed  by  the 
anterior  ends  of  the  eggs.  The  whole  cluster  is  roundish  or  ovoid  in 
outline,  the  sides  almost  right-angled,  formed  by  the  rows  of  eggs 
placed  one  beside  the  other.  One  of  the  clusters  was  found,  by  actual 
count,  to  consist  of  352  eggs.  The  color  of  the  freshly  laid  one  was 
white,  as  well  as  in  two  of  the  others  when  they  were  found,  while 
in  the  two  remaining  it  was  pale  brownish.  On  the  following  day  the 
three  white  egg-clusters  had  also  assumed  a  brownish  color,  a  proof 
that  they  had  been  freshly  deposited  when  found.  It  results  there- 
fore that  this  species  of  Chrysops  differs  from  C.  callidus  not  only  in 
the  way  the  eggs  are  deposited  and  their  color,  but  also  in  the  time 
of  oviposition  which  in  this  species  is  the  early  evening,  before  sunset. 

Owing  to  the  lack  of  the  dark  pigment  which  obscures  the  develop- 
ment of  the  eggs  in  C.  callidus,  in  this  species  developmental  changes 
may  be  readily  observed. 
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Each  single  egg  is  elongate  as  usual  in  Chrysops,  and  slightly 
curved.  It  was  seen  that  the  concave  side  of  all  the  eggs  was  turned 
in  the  same  direction,  that  is,  towards  the  edge  of  the  leaf  on  which 
the  cluster  was  found.  The  concave  side  of  the  egg  corresponds  to 
the  ventral  side  of  the  embryo.  Assuming  the  fly  sits  head-down- 
wards while  laying,  that  is,  looking  towards  the  base  of  the  leaf  and 
away  from  its  edge,  each  egg  is  deposited  in  such  a  way  that  on  leav- 
ing the  body,  the  ventral  surface  of  each  egg  is  turned  backward  from 
the  fly.  On  the  other  hand,  as  each  egg  is  fastened  to  the  leaf  by  its 
tail  end,  one  should  assume  that  the  head-end  is  the  last  to  leave  the 
body  of  the  fly.  In  this  way  the  relative  orientation  of  mother  ani- 
mal and  embryo  could  be  determined,  but  the  material  was  insufficient 
to  fully  ascertain  this  relation. 

Every  single  egg  is  seen  to  be  somewhat  shrunken  on  its  upper  pole, 
and  its  outer  membrane  is  here  contracted  in  three  ridges  meeting 
at  the  tip  at  about  equal  angles  of  60°. 

On  the  earliest  stages  of  the  development  of  the  eggs  I  have  no 
data,  as  the  eggs  were  not  examined  before  July  9,  at  noon,  when  they 
were  almost  two  days  old.  Plate  XII,  figs.  3,  4,  and  5,  show  the  eggs 
at  this  stage.  The  embryo  is  plainly  visible,  occupying  only  about 
five-sixths  of  the  whole  length  of  the  egg,  leaving  the  upper  one-sixth 
empty.  The  entoderm  is  plainly  differentiated.  A  large  mass  of 
yolk  covers  the  greater  part  of  the  dorsal  side.  Headwards  on  the 
sides  are  dark  areas  probably  corresponding  to  the  eyes  which  have 
however  not  yet  appeared. 

On  the  following  day,  July  10,  at  11  P.  M.,  these  eggs  were  in- 
spected again.  The  yolk  mass  had  been  considerably  reduced,  still 
reaching  to  the  posterior  end  of  the  egg,  and  still  taking  almost  two- 
thirds  of  the  entire  length.  Head  and  pharynx  have  become  differ- 
entiated. The  eyes  have  appeared  as  two  black  spots  on  the  dorsal 
side  of  the  pharynx.  The  anterior  region  of  the  embryo  has  been 
pushed  forward,  and  the  empty  portion  of  the  egg  is  now  less  than 
one  tenth  of  its  entire  length  (Plate  XII,  fig.  6).  When  an  egg  is 
lesioned  at  this  stage,  the  yolk  flows  out  immediately  as  it  seems  to 
be  quite  liquid. 

The  body  segments  are  not  yet  distinctly  visible. 

On  the  following  day,  July  11,  at  5.30  P.  M.,  the  larva  is  seen  to 
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fill  the  whole  space  afforded  inside  the  egg-shell.  At  this  stage,  that 
is,  when  the  embryo  is  exactly  four  days  old,  the  final  body  segments 
begin  to  be  visible  chiefly  in  the  anterior  part  of  the  body,  and  the 
head  and  pharynx  is  seen  to  be  in  the  retracted  condition,  while  the 
first  body  segment  reaches  to  the  anterior  end  of  the  egg.  Pharynx 
and  intestine  have  become  more  distinct;  the  yolk  mass  has  shrunk 
further,  occupying  now  less  than  one-half  of  the  whole  length,  and 
not  reaching  the  end  of  the  body.  The  tracheae  and  the  organ  of 
Graber  are  not  yet  visible  in  this  individual  (Plate  XII,  fig.  7).  How- 
ever, in  a  second  individual  from  the  same  egg-cluster,  the  organ  of 
Graber  is  seen  already  fully  developed  and  also  the  tracheae  are  dis- 
cernible (Plate  XII,  fig.  8).  The  head  is  seen  retracted  as  in  the 
first-studied  individual.  Concerning  the  organ  of  Graber,  it  should 
be  noted  that  if  this  organ  really  corresponds  to  a  pair  of  modified 
hairs,  as  assumed  by  G.  Paoli,  it  should  always  be  simple  in  the  em- 
bryo, as  it  is  in  fact  in  Chrysops.  However,  it  seems  that  in  the  young 
Tabanus  conditions  are  somewhat  different.  The  body  segments  in 
the  larva  (Plate  XII,  fig.  8)  are  seen  fully  marked;  the  hind  end  of 
the  body  is  sligltly  longer  than  the  space  afforded  to  it,  and  the  last 
segment  is  curved  in  order  to  find  room  in  the  egg.  All  through  these 
stages  we  notice  a  gradual  increase  in  length  of  the  whole  embryo 
in  the  egg-shell,  with  the  result  that  even  with  head  retracted  within 
the  first  segments,  and  with  tail  curved  backward,  it  fills  the  whole 
available  space.  This  may  be  of  considerable  importance  in  the  act 
of  hatching  from  the  egg,  as  it  enables  the  embryo  to  burst  the  egg- 
shell by  simply  stretching  its  body.  On  Plate  XII,  figs.  11  and  12, 
these  movements  are  illustrated. 

On  the  following  day,  July  12,  4  P.  M.,  the  eggs  had  not  yet  hatched. 
However,  if  the  eggs  are  placed  on  a  slide,  a  slight  pressure  of  the 
coverglass  is  sufficient  to  cause  them  to  leave  the  egg  with  vigorous 
movements.  The  young  larva  (Plate  XII,  fig.  9)  is  seen  to  be  a 
typical  Chrysops  larva,  eleven-segmented,  with  seven  pairs  of  lateral 
prolegs  which  are  not  yet  protruded,  with  two  slender  tracheal  trunks 
forming  loops  in  the  anterior  part  of  the  body.  The  head  is  re- 
tracted and  remains  so  in  the  larvae  which  were  caused  to  hatch 
prematurely.  The  yolk  mass  is  still  present  but  takes  less  than  one- 
third  of  the  whole  body  length.  The  lower  part  of  the  intestine  shows 
rregular  windings  similar  to  those  seen  in  C.  callidus.     The  organ  of 
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Graber  is  distinctly  seen  immediately  behind  the  dorsal  bloodvessel, 
but  not  connected  with  it  (Plate  XII,  fig.  10) ;  the  space  containing 
the  two  pedunculate  bodies1  seems  to  be  surrounded  by  a  double 
capsule. 

This  egg-cluster  perished  in  consequence  of  having  been  placed  in 
too  damp  conditions,  which  caused  the  leaf  to  which  it  was  attached, 
to  disintegrate.  The  leaves  of  Xuphar  decompose  with  great  rapid- 
ity when  detached  from  the  plant. 

However,  eggs  from  another  cluster  of  the  same  species  were  found 
hatched  on  July  9,  at  11  A.  M.  The  larvae  were  positively  photo- 
tropic,  and  much  like  those  of  C.  callidus.  They  were  kept  alive  for 
one  week  in  a  Petri  dish  with  Ceratophyllum  and  crushed  Agrion 
larvae,  but  after  this  period  all  died. 

A  third  type  of  egg-cluster  was  found  several  times  on  leaves  of 
Sagittaria  and  Niiphar,  and  of  which  I  can  not  say  whether  it  belongs 
to  a  Chrysops  or  a  very  small  species  of  Tabanus.  These  egg-clusters 
are  obliquely  conical,  brown  in  color;  the  eggs  of  which  they  consist, 
are  elongated  as  in  the  other  species.2  Larvae  which  hatched  from  one 
of  these  clusters  had  more  the  appearance  of  Chrysops  than  of  Taba- 
nus, this  (l)  because  of  their  small  size,  (2)  because  of  the  tracheae 
being  narrow  as  in  Chrysops  callidus  and  the  other  species  spoken 
of.     They  were  evidently  aquatic  but  perished  within  a  few  days. 

EXPLANATION  OF  FIGURES. 
Plate  X. 

Fig.  1.  Female  of  Chrysops  callidus  O.  S.,  ovipositing  on  a  leaf  of  Typha. 
Drawn  from  life. 

Fig.  2.     Egg-cluster  of  Chrysops  callidus,  somewhat  abnormally  shaped. 


1  It  has  not  been  ascertained  whether  these  bodies  were  pedunculate  or  not,  as 
the  organ  of  Graber  was  not  known  to  me  then,  and  no  descriptions  were  at  hand. 
I  use  here  the  term  "pedunculate  bodies"  as  used  by  the  authors  on  the  subject, 
for  the  black  bodies  readily  seen  in  the  capsule  which  in  Tabanus  have  been  shown 
to  be  "pedunculate." 

2 1  notice  in  this  connection  J.  S.  Hine's  statement  that  the  egg-masses  of  Chry- 
sops celer  consist  of  several  layers  of  eggs,  being  brownish  in  color.  Presumably, 
then,  the  egg-masses  spoken  of  belong  to  C.  celer  or  to  a  related  species. 
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Fig.  3.  Single  egg  of  the  same  species.  Upper  half  white  (tip  translucent), 
lower  half  transparent. 

Fig.  4.     Newly-hatched  larva  of  Chrysops  callidus.     Prolegs  still  retracted. 

Fig.  5.     Young  larva  of  same  species,  in  first  molt.     Drawn  from  life. 

Fig.  6.  Egg  of  Chrysops  callidus,  a  few  hours  after  oviposition,  showing  pig- 
ment developing  symmetrically. 

Fig.  7.  Larva  of  Chrysops  callidus  after  first  molt.  Ventral  side,  showing 
ventral  and  lateral  prolegs. 

Fig.  8.  Same  larva  (slightly  more  extended).  Dorsal  side,  showing  tracheal 
trunks  and  Graber's  organ. 

Plate  XI. 

Figs.  1  and  2.  Young  larvae  of  Chrysops  callidus  and  Tabanus  atratus,  to  illus- 
trate the  difference  in  the  tracheal  system. 

Fig.  3.  Head  and  first  segment  of  young  larva  of  Chrysops  callidus,  magnified. 
Note  the  long  terminal  joint  of  the  antennas.  The  first  joint,  which  is  very  short, 
was  not  noticed  when  the  drawing  was  made. 

Fig.  4.  Posterior  end  of  newly-molted  larva.  Dorsal  view.  Graber's  organ, 
sk.,  shed  skin,  still  adhering. 

Fig.  5.  Posterior  end  of  newly-molted  larva.  Ventral  view,  shewing  anus, 
stigmatal  spine  and  bristles. 

Plate  XII. 

Fig.  1 .  Egg  mass  of  Chrysops  spec,  on  underside  of  Nuphar  leaf  (turned  upside 
down) .     Lateral  view. 

Fig.  2.     Same  egg-mass  seen  from  above. 

Figs.  3,  4  and  5.  Dorsal,  lateral  and  ventral  view  of  two-day-old  egg  of  Chry-  . 
sops  spec.     Note  the  empty  space  above  the  embryo. 

Fig.  6.  Egg  and  embryo  of  the  same  species,  three  days  old.  The  eyes  have 
appeared.     The  yolk  is  diminished  in  quantity. 

Fig.  7.     Egg  with  embryo  of  same  species,  four  days  old. 

Fig.  8.  Egg  from  same  egg-cluster,  four  days  old,  but  developed  a  little 
farther.     Body  segments  and  Graber's  organ  developed. 

Fig.  9.  Newly-hatched  larva  of  Chrysops  spec  Head  retracted  and  prolegs 
not  yet  exserted. 

Fig.  10.  Graber's  organ  and  posterior  part  of  dorsal  vessel  of  same  larva, 
magnified. 

Figs.  11  and  12.  Movements  of  the  posterior  part  of  the  body  of  the  larva 
before  hatching. 
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